Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



I 





,H»o**r% » 



vn 



i 



TRANSACTIONS 



OF THE 



NORTH-EAST COAST INSTITUTION 



OF 



ENGINEERS AND SHIPBUILDERS. 




EDITED BY THE SECRETARY OF THE INSTITUTION. 



VOLUME X. 



TENTH SESSION, 1898-94. 



THE BIGHT OF PUBLICATION AND TRANSLATION IS RESEBVED. 



LONDON AND NEWCASTLE-UPON-TYNE : 
ANDREW REID & CO., LTD., PRINTERS AND PUBLISHERS. 



1 S 4 . 



ADVERTISEMENT. 

"The InBtitntion merely places on record, and is not, as a body, 
responsible for the statements or opinions advanced in the Papers 
read, or the Discussions thereon, which occnr at the Meetii^ during 
the Session." 




Ill 



CONTENTS OF VOLUME X. 



Tenth SbsbioN) 1893-94. 



Alphabetical List of Names of Writers of Papers and Speakers 
List of Publications added to Library 

Officers, 1893-94 

Committees, etc., 1893-94 

Honorary Members 



„ Members, July, 1894 
,, ^jBsociawes „ 



Graduates 

Constitution and Bye-Laws 

Library and Reading Room Bye-Laws ... 

President's Conversazione 

Proceedings at General Meetings 

Council Report for Ninth Session 

Financial Statement „ 

Proceedings at Closing Busi^e88 Meeting... 

Visit to Consett Ironworks 

Appendix — Library Catal(^e, July, 1894 



3, 45, 83 



, 123, 183, 203, 235, 



PAGE, 
vi 
iz 
xvii 

• • • 

XVlll 

xix 

xix 

xxxix 

xlii 

xlvii 

lix 

1 

271, 307 
7 
10 
322 
327 
333 



PAPERS READ DURING THE SESSION. 



1893. 



Nov. 7th,—** On a Method op Compabino Steamship Psbpobmanoes 

AND OF Estimating Powers and Speeds of Ships," by 

Mr. W. HOk 

Appendix A ... 
Appendix B ... 
Appendix ... 

Appendix D 

Nov. 25th. — Discussion 

Dec 20th. — Discussion continued 

1894. 
Jan. 16th.— Mr. W.HbVs Reply 



21 
36 
38 
39 
42 
47 
85 

125 



152763 



Not. 2Bth.— "The DANGEROUS Wobkino Heat op Mild Steel a 



'■ by Mr. 



IS91. 

Feb. 13th.- 
Uar. ITth.- 
Jan. 16tb.- 



THE Effect of AMnsALiHa and Air Cooling," I 
Joseph Nodder 

DiscuBBion ... 

— DiecDBsion continued 

Mr. Joseph Noddei"! Reply 

" On Cbetaih Pbinciplks op Motion as lAnoHT by the 
Pendulum, AND AS Illustbated bytbe Resistance of 
Ships and Othbb Bodies Moving Through Fluids," 
ETC., by Mr. Frank Caws 

Discussion 

-Mr. Frank CaWs Reply 

-" Mercantile Mabihe Enoinbbrb," by Mr. J. R. Fothergill 

Appendix A 

Appendix B 

DiBcnssion ... 

Reply to the Marine Department of the Board of Trade 

■Discuseion continued 

"Oh a New System of Construction fob Large Vessels 

op Cellular Type,'' by Mr. William Bell 

DiBCussion , 

DiacuKSiou continned 

Mr, William Bell's Reply 

"Oil Engines," by Mr. William Stafford 



April nth.— Mr. WilliBm Staflord'a Reply 

" Babes fob Classification of Vessels Proportioned to 

THBIR STRBNOTH TO RESIST BENDING AND VIBRATION," 

by Mr. Arthur Liddell 

Digeuasion 




LIST OF PLATES. 



Plates to Illustbatb Paper on — plates. 

**A Method of Comparing Steamship Perform- 
ances," etc. I. to XIII. and XV. 

. " Certain Principles of Motion as Taught by the 

Pendulum,** etc XIV., XX., and XXI. 

** A New System of Construction for Large Vessels 

of CeUular Type " XVI. to XIX. 

"Oil Engines" XXIL to XXVIIL 

** Bases for Classification of Vessels," etc. ... XXIX. 

Plan of Consett Ironworks XXX. 



ALPHABETICAL LIST OF WRITERS OF PAPERS 
AND SPEAKERS. 



Andrew, D, ... 



Anjiaoo, G. N., Jun. . 



Boyd, W. 
Bnchnnan, J. H. 
Carter,!. 



Cooper, W. 
CruickBhaDk, A. 
Dale, D. 



Kami ot Patib oa. Boanar vniu DnoUHiair. 



Mercantile Marine Engineeni 

New Syfltem of Conatmction for Large VcsselB of 

Cellular Type 

Oil Engines 

A Method of CompBriag Steamship Ferfonoacces, 

New System of CooBtrnotion for Large VeBsela of 

Cellular Type 

Basea for daeaification of Tessela, etc. 



Reply to the Diacugsion on a New Sysli 

COQBtmction for Large VesBelB of Cellular Type 
Yole of Thanks to Retiring President 

Mercantile Marine Engineers 

Mercantile Marine Engineers 

Cbbtaik Prihoiplbs of Motios as taoght 

THE PENSULDH, and AH ILLVSTBATED BY 

THB Resistahcb OP Ships AND othbbBodibb 

MOVINQ THBOOQH FlCIJW, KTO. ... 

Reply to Dlnciiesion on Certain Prindples i 

Motion as taught by the Penilulum, etc. 
Bases for Classification of Tesscts, eK. 
Mercaotile Marine Engint 
Ba»e8 for Claasi Heal ion of Vesecls, etc, 
Visit to Consett Ironworks 




vu 



Kamb. 



Gravell, J. 
Hok, W. 



»» 



M 



Hunter, O. B. ... 
Johnson^ J. 

Kendall, S.O. ... 
Kilvlngton, W... 
King, J. 



Liddell, A. B. ... 



i> 



Loveridge, W. H, 
Macoll, H. ••• 



II 



Marshall, F. C. 



II 



McGlashan, A. 



n 

II 



Menzies, W. 
Millar, T. 

Morison, D. B. 
Mudd, T. 
Muir, R. H. 

II ••• 

II ••• 



Nodder, J, 



!• 



0'Neil,J.J. ... 
Patterson, J. ... 



II 



Phillipe, W. 
Prond, A, 



NAMB of PaPBB OB SUBJBCT UNDBR DISCUSSION. 



« « • 
• •• 



Paob. 



Vote of Thanks to President 

Mercantile Marine Engineers 

A -Method of Compabino Stkamship Peb- 

FOBMANCES AND OF ESTIMATING POWEBS 

AND Speeds of Ships 

Reply to Discussion on a Method of Comparing 

Steamship Performances, etc 

Bases for Classification of Vessels, etc 

Mercantile Marine Engineers 

A Method of Comparing Steamship Performances, 

t7v\/« ••• ••• ••• ••• ••• ••• ••• 

Bases for Classification of Vessels, etc 

Mercantile Marine Engineers 

Certain Principles of Motion as taught by the 
Pendulum, etc. 

Bases fob Classification of Vessels, Pbopob- 

TIONED to THEIB STBENOTH TO RESIST BEND- 
ING AND ViBBATION 

Reply to Discussion on Bases of Classification of 

Oil Engines 

Certain Principles of Motion as taught by the 

Pendulum, etc. ... ... ... ••• 

New System of Construction for Large Vessels of 

Cellular Type 

Mercantile Marine Engineers 

Vote of Thanks to Retiring President 

A Method of Comparing Steamship Performances, 

%? V v« ••• •■• ••• ••• ••• ••« ••• 

The Dangerous Working Heat of Mild Steel 
New System of Construction for Xarge Vessels of 

Cellular Type * 

Mercantile Marine Engineers 

New System of Construction for Large Vessels of 

Cellular Type 

Mercantile Marine Engineers 

Mercantile Marine Engineers 

New System of Construction for Large Vessels of 

Cellular Type , 

Bases for Classification of Vessels, etc 

Vote of Thanks to Retiring Vice-Presidents and 

Councilmen ... ... 



18 
198 



21 



64-126 

302 

174 

90 

313 

179 

206 



The Dangebous Wobking Heat of Mild Steel 
AND THE Effect of Annealing and Aib 



Cooling 



287 



316 
266 

216 

260 
199 
323 

63 
81 

247-264 

187 

227 
167 
177 

231 
311 

326 



... 67 



Reply to the Discussion on the Dangerous Working 

Heat of Mild Steel 

A Method of Comparing Steamship Performances, 

%?vO» ■•• ••• ••• ••• ••• ••• •■• 

A Method of Comparing Steamship Performances, 

\? v\.'« ••• ••• ••• at* ••• tt* ••■ 

Mercantile Marine Engineers 

Mercantile Marine Engineers 

Mercantile Marine Engineers 



99 

92 

86 
176 
186 
166 



Poryis, F, P. ... 

HicliardgOD, T.... 

Kichonlson, Wighai 
BobertB, H. M. 
Rolland, A. ... 
SandisoD, M. ... 



ThoDiaon, J. ... 
Wataon, T. W.,,. 

WeifUlon, R. L. 



A MBtliiid of Comparing Bteamship Perform boccs, 

v„>,. n> t1,'t,.i.,. '^1 I-reVi'dent !" 

l: ....■.' ..,r (lie Chair ., 

\; ■ i:[ifrineerH 

Mii'.i.n'i .M. Erigineera 

Mi.Ti-iiiil ilo Miiiini' Engineers ... 

Vote of Thanks to the College Authorities 

A Method of Comparing SlBsmflliip Performanoes, 

Tile Dangemus Workjng Heat of Mild St«el 

A New SjBtem of Coostruction for Large Vessels 

of Cellular Type 

Oil Engines ... 

Oil Engines 

Reply to Diacuesion on Oil Engines 

Vote of Thnnks to Retiring Vice-Presidents and 

Conncilmen 

Mercantile Marine Engineers 

President's Opening; Remarlis 

Reply to Vote of ThaniB tor Opening Remarks ... 
A Method of Compuring Steamship PerformanoeB, 

The Dnngerous Working Heat of Mild Steel 

Mercantile Marine GngineetB 

Certain Principles of Motion as tanght by the 

Pendulam, etc 

A Naw System of Construction for Large Vessels 

of Cellular Type 

Reply to the Votti of Thanks t« the PreHident 
iinses for Olaasifieation of Vcwelu, etc. 

Installation of Now President 

Reply to Vote of Thanks to Retiring Froaident 
Certain Principles of Motion 'aa taught by the 

Pendulum, etc. 

A New Byatcro of Construction for Large Veasuls 

of relliilftV Type 

A MetUol or Ciimpnring Steamship Perforumuccs, 




IX 



BOOKS AND TRANSACTIONS OF LEARNED 
SOCIETIES ADDED TO LIBRARY. 



BOOKS. 

Artillery^ its Progress and Present Position, Lloyd and Hadcock. 1893. 

Annandale*s Concise English Dictionary. 1891. 

Diaries of Sir Daniel Gooch, Bart, 1892. 

From Keel to Truck, H. Paasch. 1885. 

Light, L. Wright. 1882. 

Marine Boiler Management and Cofist ruction, C. B. Stromeyer. 1893. 

Manual of Machine Drawing and Design, D. A. Low and A. W. Bevig. 1893. 

Manual of Naral Architecture, W. H. White. 1894. 

yaval Science, Vols. I. to IV. E. J. Reed. 1872-6. 

Official Year Book of Scientific and Learned Societies. Griffin & Co. 1894. 

Papers read before the International Engineering Congress, one set of 2 vols. 

on Marine Engineering and Naval Architecture, one set of 2 vols, on Civil 

Engineering. 1893. 
Practical Magazine, 

Resistance of Ships and Screw Propulsion. D. W. Taylor. 1893. 
Royal Atlas of Modern Geography. T. B. Johnston. 1894. 
Spon's Dictionary of Engineering (8 divisions). 1874. 
Tfte Spectator. 

Journal of the Liverpool Polytechnic Society. 1865-6-7. 
Proceedings of Institution of Civil Engineers (XVII., XXI., XXVI. to XXXI V., 

L., LIII., and LIV.). 
„ „ „ (7 vols.). Pamphlets, 1837-1852. 

Transactions of Institution of Naval Architects, Vols. X. to XVII. 
Engineering. Vols. XXV. to XXXII. 



TRANSACTIONS. 

Amkbican Society op Mechanical Enqineebs, Vol. XIV., 1893.— Tests of 
Driving Belts. L|init of Propeller Efficiency. Negative Specific Heat. New 
Process for Catting Cams. Analysis of the Shaft Governor. An interesting 
Boiler Explosion. Strains in Lathe Beds. Tests of a Pump receiving Suction 
Water under Pressure. Notes on the Refrigeration Process. Strains in Fly-band 
Wheels. Hydraulic Reaction Motors. A simple Difference Machine. A new 
Recording Pressure Gauge. Expressed Determination of the Heat Generated per 
Candle-power by Oil and Gas Lamp. Performance of an Overhead Travelling 
Crane operated by a single Electric Motor. Test of a Triple Engine. A new 
Gradoatiog Steam Radiator. Comparative Variation in Economy with Change 



•••Aars* 







Bureau op Steam Bnoinbbbing.— Annual Report, 1893, Washington, U.S.A. 

Bureau Veritas Shipping Register, 1894. 

Bulletin db l'Association Technique Marini. No. 1 Session de 1890. 
No. 2 Session de 1891. No. 3 Session de 1892. No. 4 Session de 1893. 

Canadian Society op Civil Engineers, Vol. VII., Part 1, Jan. to June, 
1893. — Discharge of Sewers. The Sterling Boiler. Notes on Gold and Silver in the 
Province of Quebec. Disposal of Sewage at Marlboro*, Mass. Transmission and 
Distribution of Power by means of Compressed Air. Transition Curves for Railways 
and Electric Tramways. Common Roads. Results of Tests of White Pine of 
Large Scantling. The Quebec Hand Slide of 1889. The Temiscouata Railway. 
Part 2, Oct. to Dec, 1893. — Domestic Sanitation. Port Crescent and her Break- 
water. Cubic Yard of Concrete. Masonry Work of the Cheat River. 

Cleveland Institution op Engineers, 1893-4, No. 1.— On Vessels Con- 
structed for the Oversea Bulk Oil Trade. No. 2. — Harbour Improvement at Sun- 
derland. New Protecting Piers. No, 3. — Economy of Steam in Rolling Mill 
Engines. 

Bnoinbebs and Shipbuilders in Scotland, Vol XXXVI., 1892-3.— On a 
Qraphical form of Fronde's Law. Portland Cement Mortar. The Santa Isabel 
Nitrate Coke. Toco. Chili. The Bridges of the Manchester Ship Canal. The 
Return Tubular Marine Boiler for High Pressures. Belting for Machinery. Some 
Causes of Failure in Tunnel Shafting. The Re-active Influence of Steam. The 
Speed Constants of Ships. Testing Machinery and Electric Water Level Recording 
Apparatus. A Sloping Concrete Block Breakwater at Emu Bay, Tasmania. 

Gbnio Civile, Anno XXXI., Part^ 6 to 10. Anno XXXII., Parts 1 to 6. 
Several Papers on Engineering and Public Works. 

Gbrmanischer Lloyd's, Register of Shipping, 1894. 

Civil Engineers, Vol, CXIII., 1892-3.— Plant for Harbour and Sea Works. 
The Breakdown of the R.M.S. " Umbria." The Foundation of the River Piers of the 
Tower Bridge. Vol, CXIV. — Steam Engine Trials. Mining and Ore-treatment at 
Broken Hill, N.S.W. Wreck-raising in the River Thames. The Interdependence of 
Abstract Science and Engineering. Vol. CXV.— The Tansa Works for the Water 
Supply of Bombay. The Baroda Water Works. The Water Supply of Jeypore. 
On the Design of Masonry Dams. Cask-making Machinery. Hydraulic Power 
Supply in London. Vol, CXVI. — The Concentration and Sizing of Crushed 
Minerals. Tunnels on the Dore and Chinley Railway. The Transport of Petroleum 
in Bulk. 

Hull Institution op Engineers and Naval Architects, Vol. VII., 
1891-2. — On the Construction of Locomotive Engines for the Hull and Barnsley 
Railway. The Wear and Tear of Small Vertical Boilers. Some recent Admiralty 
Machinery, Contracts, and Trials. . The Size of Ships in relation to Deadweight, 
Speed, and Coal Endurance. Notes on the Steering of Vessels. An Example of 
Centrifugal Force. Some Details in the Construction of Marine Boilers. 

International Maritime Congress, London, 1893.— General Report. 
Section I. — Harbours and Breakwaters. II. — Docks. III. — Shipbuilding and 
Marine Engineering. IV. — Lighthouses, Buoys, Fog Signals, etc. 

International Engineering Congress, July 3lst to August 5th, 1893. 
Papers read before Division Marine, Engineering, and Naval Architecture in 2 vols. 



Vol. L, 1891.— The Best Ship ot War. The New VesseU of the U.S. Navy. Naval 
Architecture in the Dnited Slates. The Present Condition of the Science of Naval 
ArchiCectqre. Multiple Expansion En^nes. Labrication. Improvement of the 
Ship Log. The Trireme. Roaains Method of Graphic Integration. Elliptical and 
Circular Valve Diagram, fielation of Power and Speed. The Uae of Oil at Sea. 
Vibration of Steamers. Steam Jackets, Welded Seams. Resistance of Ships. 
Screw Propellers, Auiiliary Machinery on War Vessels. Hyiiraulic Machinery for 
ManCEUvring Qana. Hjdmnlic Appliances in Boiler Conatruction, Notes on 
Maehinery of War Vessels. Problems Con fronting the Designerof Naval Machinery. 
The Strength of Ships. Practical Stability Information. Diagram of Stability. 
Liquid Fuel on Steam Vessels. Vvl. II. — Coil aod Tnbulous Uoilera. A Standard 
Sleaa Sngine Indicator. Planning and Equipment of Ship and Engine Building 
Plant. Ice Yachta. Boiler Feeding. Speed Trials. Speed and Revolution Recorder. 
Coasting Sailing VcsscU of the Adriatic. Steel Castinga for Marine Machinery. 
Teats of Iron and Steel. Steam Shipping and Steamera of the Great Lakes Compared 
as Begaids Strength. Western River Steamers. Government Inspection of Mer- 
chant Vessels. Rules for Boiler Construction. Cocks on Water Qaugcs. Forced ' 
Draught. Effect of Forced Draught in Causing Leaky Tubes. Valves and Valve 
Gears for High Speed Engines. Screw Propulnioo. I'apera read before Division A 
Civil Engineering in 2 vols. Vol. I. — Navigation Works Executed in France from 
1876 to 1891. Inland Transportation. Hiatory of the Converaion ot the River Clyde 
inUi a Navigable Waterway. Description of the Lower Wescr and its Improvements. 
A Brief Account of the Building of LeixSes Harbour. The Limits Attainable in 
Improving the Navigability of Rivers by Means of Regulation. The Improvement 
in Harbours on the South Atlantic Coast of Ihe United State.:. The Re-arrange- 
mcnt of Railroad Tracks and Stations in Cologne, Prussia. The Re-arrangement 
of the Railway Terminal System at Altona with Special Reference to the 
Avoidance of Qradc Crossings. Common Roails, Railways, and River Communica- 
tions In Portugal. The Railway System of New South Wales. Railroails in the 
Republic of Mexico in 18'J3. Study upon Railroads to Connect Guailalajara with 
the Pacific Ocean. Distinctive Features and Advantagea of American Locomotive 
Practice. Comparison of Modem Engine Loading with Standard Specifications for 
Spaoa from 10 to 200 feet, Surveys for Railway Location. A New Method of 




XUl 

and Surveying Instruments. The Treatment of Metals for Structural Purposes. A 
Proposed Method of Testing Structural Steel. The Use of Mild Steel for Engineer- 
ing Structures. The Use of 'Basic Mild Steel as Material for Construction in Ger- 
many. The Plant of Maritime Commercial Ports of France. The Development of 
Quay Cranes in the Port of Hamburg. Method Used to Secure the Stability of a 
Quay Wall at the Port of Altona, on the Elbe, in Germany, which had Shifted its 
Position after Completion. Experiences had during the last twenty-five years with 
Water Works having an Underground Source of Supply. Some Questions Concern- 
ing the Filtration of Water. On the Distribution of Water in the City of Mexico. 
Purification of Sewage and of Water by Filtration. The Sewerage System of Mil- 
waukee and the Milwaukee River Flushing Works. The Enlargement and Improve- 
ment of the North Sea Canal of Holland (Amsterdam Ship Canal). Notes on 
Projects for the North Sea Canal from 1G29 to 1893. The North and East Sea Canal. 
The New Railway Stations at Dresden. 

Iron and Steel Institute, No. 1, 1893.— On the Elimination of Sulphur from 
Iron. A supplementary Paper on a New Process for Desulphurising Iron and Steel. 
Report upon the Saniter Desulphurisation Process. The Recording Pyrometer. 
Notes on Puddling Iron. On the Determination of Chromium in Ferro 
Chromium. No. 2, 1893. — On the Manufacture of Basic Steel at Witkowitz. On 
Iron and Steel at the Chicago Exhibition. On the last Twenty Tears 
in the Cleveland Mining District. On the Modification of Carbon in Iron. 
On the Iron and Steel Wire and the Development of its Manufacture. Suggested 
Improvement in the Manufacture of Steel Plate. Sampling of Iron Ores. The 
Tudhoe Works of the Weardale Iron and Coal Co. The Luhrig Coal-washing and 
Dry Separation Plant at the Randolph Pit of the North Bitchburn Coal Co., 
Evenwood. The Production of Wrought Iron in Small Blast Furnaces in India. 
Notes on the Chicago Exhibition. The Works of the Consett Iron Co., Ld. On 
the Waste of Heat, past, present, and future, in Smelting Ores. 

Lloyd's Register, 1894-5. — Also, Rules and Regulations. 

Liverpool Enoineerino Society, Vol. XIV., 1893.— The Development of the 
Machinery of Atlantic Liners. A Sketch of the Vymwy Works. Geological, Manu- 
facturing, and other Notes on Iron. Description of Petroleum Engine with Tests. 
Automatic Sprinklers. On Forces used by Engineers, considered as Velocities. The 
Graphical Method of Solving Engineering Problems. Description of Cold Storage 
Works, and other Similar Installations. Engineering Contracts. 

Liverpool Polytechnic Society, Vol, LV., Session 1892.— The Scientific 
Principles Involved in Brewing. The Art of Lithography. Capitaine Oil Engine. 
Electric Traction. 

Manchester Association of Engineers, 1898.— Felt Hat Manufacture and 
Machinery. Transmission of Power by Compressed Air. The Relation between 
Employers and Workmen in Engineering Works. Main and other Bearings. The 
Bcientific Work of A. G. Him. Ventilation, Heat, and Humidity. On the 
Influence of some Chemical Agents in producing Injury to Iron and Steel. 

Marine Engineers. — Third Annual Dinner, 1893-4. 

Mechanical Engineers, 1893, No. 2.— Second Report to the Allay's Research 
Committee. Tensile Tests, and Chemical Analysis of Copper-plates from Fire-boxes 
of Locomotives on G.W. Railway. Experiments on Draught Produced in Different 



ParU of a LocomoClTC Boilci when BnnnlDg. JVe. 3. — On Recent Developments in 
tbe Cleveland Iron and Steel IndDstiies. On the Middlesbrough Salt Industry. 
OuKrifition of tbe Blectric Rock Drilling Machinery at the Carlin How Ironstone 
Ulueij in Cleveland, On some Bngineering Improvements in the River Teea. The 
Port and Iiidustrtca of tbe Uartlepools. On the ArtiGcial Lighting ot Workshops. 
1393, All. 4,— On the Working of Steam Pumps on the BuMian S.W. Bailwa;. 
EiperimeDts on Heat Losses from Dr; and Wet Cylinder Mills. 1S94, JVn. 1. — 
Eeiearch Committee on Marine Engine Trialaof BiperimeDtson Six Steamers. On 
tbe Sorface Condensation of Steam. 

NiVAi, Abohitbots, Vol. XXXIV., 1893.— On the Present Position of the 
Cruitei lu Wacfarc. Merchant Cruisers. Some Considerations Relating to the 
Hlreugth of Bulkheads. On the Measurement of Wake Carrente. On the New 
A&iUMieff 'a Formulae for Solving Approximately Various Problems connected with 
the Propulsion ot Ships. Some Kipcriments on the Transmission of Heat through 
Tuhe Plates. Notes on the Testing of Boilers. An Apparatus for Measariog and 
Registering the Vibration of Steamers. On the Repairs of Injuries to the Hulls of 
Vessels by Collisions, Stranding, and Explosions. On Approximate Curves of 
Stability. Some EipcrimCDts with the Engines of the S.fi. " Iveagh." Oa Working 
Triple^^xpaniion Engines as Compounds. On the Cyclogram or Clock-face Diagram 
of the Sequence of Pressures in Multi -cylinder Engines. 

NoBTH OP Kirai^ND HfSTiTnTx of Mining and Mcceahical EfaiNiBBa, 
Vol. Xhll., 18M.8.— The Goad Electric Miner's Lamp. Steam Boiler with Forced 
illMt. Kote* on the Occurrence of Manganese Ore near the Arenigs, Merioneth- 
shire, Obeervations on Fans of Different Types Working in same Upcast Shaft. 
Ould-minirig in Brazil. The Choice of Coarse and Fine-cmshing Machinery and 
Processes ot Ore Treatment. Joseph Moore's Hydraulic Pumping Arrangement. 
Use o( Cement in Shaft-Sinking, Queensland Coal-mining, The Oeology and Coal 
l)u{ioslIs of NaUl. The Oold-beariiig Veins of the Organoe District, Tolima, U.S. 
Colombia. The Manometric Efficiency of Fans. 

MOTA BoOTIAX Institute of Soienob, Vol. I., Part 3.— Notes on the Miocene 
Tertiary Bocks of the Cypress HiUs, North-west of Canada. The Picton Oold-fleld 
Veaus in Daylight. The Flora of Newfoundland. Labrador and St. Piene et 




XV 

" Harlequin," 1891. On the Appreciation of Ultra Visible Quantities. Why there is 
no Atmosphere on the Moon. On a Mercury-glycerine Barometer. On a Direct- 
reading Electrolytic Amp6re Meter. On a Speculation as to a pre-Material Condition 
of the Universe. Preliminary Note on the Walking of some of the Anthropoda. 
Vol. VIII., Part 1, Pogotriclium hybernicum, — Note on the Action of Therphine on 
Selenium Dioxide. The use of the Protractor in Field Geology. The Germination of 
Seedlings. A List of some of the Rotifera of Ireland. On Pitchstone and Andesite 
from Tertiary Dyke in Donegal. On the Variolite of Roundwood. Hemiptrypa 
Hybemica. On the Bright CJolours of Alpine Flowers. Suggestion as to a Possible 
Source of the Energy Required for the Life of Bacilli. On the Law of Gladstone 
and Dabarar. Optical Probe. Part 2. — A Lecture : Note on the Relation of the 
Theorem of Work to the Theorem of Moments. Report on Polychdets. Note on 
Depastrum Cyathifom. On the Photographic Method of Detecting the Existence 
of Variable Stars. On the Distation of Photographic Star Images due to Refraction. 
On some Pycnogonida from the Irish Coasts. On a Graphitic Schist from County 
Donegal. Transactions, Vol, IV., Part 14. — On the Fish Remains of the Coal- 
measures of the British Isles. VoL V., Part 1. — On the Germination of Seeds in the 
Absence of Bacteria. Part 2. — Survey of Fishing Ground of West Coast of 
Ireland. Part 3. — The Human Sacrum. Part 4. — On the Postembryonic Develop- 
ment of Fungia. 

L' Association dbs Ino^ibubs, Bulletin, Tome XVIII, Nos. 1 to 4.— -Proces 
Verbeaux Sections. Members. Annuaire, Toine VL, No, 3, 1893. — Sur la Ventila- 
tion des Mines. Cables Electrique de Surete pour Mines. Grisouteuses. No. 4, 
1893. — Excursion dans le District. Thenan Westphalien. Tome VII., No, 1. — La 
Telephonic. No, 2. — Plaque de Blindage et Projectile de Replier. Origine de 
la Houille. No, 3. — Emploi de PAcier dan le Materiel des Chemin de Fer. Affin- 
age par TAluminium. 

SOOIlftTlft SOIENTIFIQUE IKDUSTBIELLB DB MARSEILLE, Vol, XX., 1892.— 

Agriculture. Ceramique. Chemin de Fer. Chemie. Geologie. Hygiene. 
Marine. M^hanique. Metallurgie. Necrologie. Physique. Science Economique. 
Travaux Public. Zoologie. Varieties. 

South Wales Institute op Enoineebs, Vol, XVIII., No, 4.— Sussman's 
Electric Safety-lamp. The Hydrogen Oil Safety-lamp. Test Chamber for Gas- 
testing Apparatus. Progress made in Coking during the last few years. Altera- 
tions to Pumping Plant at Foxes Bridge Colliery. 

Society of Enoinbebs, 1892.— Electrical Traction and its Financial Aspect. 
The Application of Electricity to Hoisting Machinery. Dry Crushing Machinery. 
Foreign Sewage Precipitation Works. Vacation Visits. The Cleansing of and 
Ventilation of Pipe Sewers. The Use of Steel Needles in Draining a Tunnel at 
King's Cross. The Shortland and Nunhead Railway. 

United States Naval Institute, Vol, XIX., No, 3, 1893.— Results of some 
Special Researches at the Torpedo Station. The Origin and Work of the Division 
of Marine Meteorology Hydrographic Office. A Look in the Track of an Ocean 
Storm. The Kruka-Hebler Tubular Projectiles. The Buonaccorsi Automobile 
Torpedo. Vol, XX., No, 1.— Prize Essay, 1894. The Johnson Cast Steel Armour 
Piercing Shot. Battle of La Placella. The Ram in Action and in Accident. Note on 
the Literature of Explosives. Cleaning the Bottoms of Steel Ships by Divers when 



XVI 

DockiDg Is Impraclicable. A Onnehot Injury Pro<lu(^ bj the New Projectile of 
Small Calibre. Jfo. 2.— NstbI Reform. Consideration on the Battleship in Action. 
Eitreritoriality and Aaylnm, The Solution for tbe Elements o( the Chronometer. 
The Children of Melson. Ship Bunts. The Kavy and tbe Nation. Notes on Naval 
General Courts- martial. 



PUBLICATIONS RECEIVED TO DATE, CURRENT NDMBEFS OF WHICH 

LIE ON THE TABLES IN THE READISG ROOM :— 
EUctrieal Engineer, 139, Salisbarj Court, Fleet Street, Ixiudoii, K.C, 
EUctrieal Hericw, 22, Patemonter Bow, London, E.O. 
Enjimtering, 36 and 36, Bedford Street, Strand, Londoa, W.C. 
Engineer!' Oatelle, Prudential Buildings, Mosley Street, NewcaBtle-npon-Tyne. 
Indian Enginter, i, Ualbnusic Square, Calcutta, British India, 
Indian Engineering, Pat. Do;le, Esq., C.E., Star Prcs.^, Id.Lall Baiar, Calcutta, Britiah 

Imdailriet and Trim, 39 and 40, Shoe Lane, London, E.C. 

Iron and Coal Trade* Reviem, 342, Strand, London, W.C. 

Jimrnal de la Marine le Yacht, 55, Rue de Ch&teaudnn, Paria. 

Marine Engineer, S, Amen Comer, Fatemoetet Row, London, B.C. 

Meehanical World, New Bridge Street, Manchester. 

Hivitta Marittima, Borne. 

Skipping World, Effingham House, Arnndel Street, London, E.C. 

Stahl nnd Ei*eit, Diisaeldorf, 

ITie Steamihip, 2, Custom House CbamberB, Leith. 

The Electrician, 1, Salisbury Court, Fleet Street, London, E.C. 

n* Enginter, 33, Norfolk Street, Strand, London, W.C. 

The Engineering Revieio, 29, Great George Street, London, S.W. 

The Praetieal Engineer, i, Victoria Station Approach, Manchester, 

I'he Illustrated Ofieial Jimrnal of Fatentt, Patent Office, lA>ndon, B.C. 

Trantport, 3G, Parliament Street, London, S.W. 




xvu 



LIST OF OFFICERS. 



TENTH SESSION, 1893-94. 



presiDent:— ROBERT Thompson. 



paatspreslDentd : 



WILLIAM BOYD. 

W. THEO. doxford. 



F. C. MARSHALL. 
WIGHAM RICHARDSON. 



Wcc^t^tcei^cnte : 



j. r. fothebgill. 
John Gsaybll. 
Sib William Gray. 

W. ElLVINGKrON. 



Abthub Laing. 
John Pbicb. 
Albx. Taylob. 
John Twebdy. 



J. P. Wallikeb. 



f)onorari? XTreaaurer s— g. e. macabthy. 



Counctlmen 



Edwin W. Db RrsETT. 
Chablbs D. Doxpobd. 
Hbnby Fownes. 
W. HOk. 

HuoH Maooll. 
D. B. MOBISON. 



W. C. Mountain. 
Thomas Mtjdd. 
James Pattbbson. 
J. W. Reed. 
Magntts Sandison. 
W. G. Sfbnob. 
J. C. Stibzaebb. 



R. L. Weighton, M.A. 

Bastdtant Xibrattan :— h. s. Wallace. 
Sectetan? anJ) XTreaaurer :— John duckitt. 



(3ra2)uate Section: 

Chairman — R. L. Gaine. 
Hon. Secretary — F. E. Maslen. 



Offices an2) 'KeaMtid 'Koom : 

4, St. Nicholas' Buildings West, Newcastle-apon-Tyne. 



VOL. X.-lSBi. 



COMMITTEES. 



TENTH SESSION. 1893-94. 



J. Obavell. 
A. Laiko. 
HUOH Haooll. 



J. Obavbll. 

E. W. Dk R0BKTT. 

U. C, Jahes. 



finance Committee ; 

William Botd (ChAinnan). 

w. c. uoumtain. 
Jaues Pattebsoh. 
O. E. Macabthy (Hon. Tns 

VeaDlrtfi Oommlttee: 

W. ElLVIKOTON. 
W. G. Spencb. 
A. Taylob. 



XlttracE dommtttee : 

A. Tatlob (Chairman), 
W. HOk. Jambs Thomson, Jvh. 

W. C. UonUTAiK. I R. L. Wbiohtoh, MA 

Statistical dommtttee: 

Hdoh Macoll. 




XIX 



XORTH-EAST COAST INSTITUTION OF ENGINEEES AND 

SHIPBUILDERS. 



Xist Of /Dembers, Juls, 1894* 



EXPLANATION. 



(A.) Agent and Accountant. 

(B. B.) Boiler Builder. 

(C. E.) Civil Engineer. 

(E.) Engineer and Boilermaker. 

(E. A.) Engineering Agent. 

(E. E.) Electrical Engineer. 

(F. M.) Forge Master. 



(I. $t S. M.) Iron and Steel Merchants 

and Manufacturers. 
(M. S.) Marine Superintendent. 
(N. A.) Naval Architect. 
(R. M.) Rope Manufacturer. 
(S.) Shipbuilder. 
(S. O.) Ship Owner. 
(SUR.) Engineer & Ship Surveyor. 



HONORARY MEMBERS. 

KLKOTBD 

The Right Hon. Lord Armstrong, C.B., D.C.L., F.R.S., Cragside, 

Rothbury • Nov. 1884 

The Right Honourable the Earl of Ravensworth, Ravensworth 

Castle, near Gateshead-on-Tyno Nov. 1884 

W. H. White, Esq., C.B., LL.D., F.R.S., The Admiralty, Whitehall, 

London (N A) Nov. 1884 

MEMBERS. 
A. 

Abey, Henry, Fairfield, York Road, West Hartlepool (E) Jan. 1889 

Adamson, Alex., c/o Messrs. Naval Construction and Armaments 

Co., Barrow-in-Fumess (S) Nov. 1886 

Adamson, Cumberland, 3, Close Street, Sunderland (S) Nov. 1898 

Ait<;hison, Jas., Hylton, Sunderland (S) Nov. 1884 

Alchin, A. H., Ux bridge Road, London, W (E) Jan. 1886 

Alder, Sydney, Edinbro' Buildings, South Shields (C E Ir N A) Nov. 1893 

Allan, Jas. McNeal, 3, Parkville, Heaton, Newcastle-on-Tyne ... (E) Dec. 1886 
AUardes, Wm., c/o Messrs. Harland & Wolff, Ltd., Engine Works, 

Belfast (E) Nov. 1884 

Ampuero, Bernardo, Chief of the Chilian Cruiser " Presidenta 

Pinto," Circulo Naval, Valparaiso (E) Mar. 1894 

Anderson, Joseph, c/o Messrs. Wigham Richardson & Co., Neptune 

Works, Walker-on-Tync (E) Nov. 1884 

Andrew, D., 33, Osborne Road, Jesmond, Newcastle-on-Tyne ...(SUR) Jan. 1886 
Andrews, Jas., Drawing Office, Messrs. Naval Construction and 

Armaments Co., Barrow-in-Furness •• (E) Nov. 1884 



... (E) Oct. 1 

... (S) Oct. 1 

(SUR) Not. 1 

CE) Jan. 1 



(E) Hu. 
{S> Nov. 
(8) Nov. 



An^oa, W. J., 9, Ibroz Place, Oovan, Ol&«gow 

AutboQ7, Jaa,, S, Northumberland Sqnare, North Shialds... 
ApolioarlB doa Santos, J,, Rio Orande-do-Stil, Brazil 
Archbold, Joseph Q., c/o Messra. Bljth Dry Dock Co., Blyth 
Archbold, William, c/o MeaarB. G. Scott, Mountain, k Co., The 

Clo9c, Newcastle-on-T^e 

Armatrong, G. 8., c/o Mrs. Witcher, South Town, Dartmoor 

ArmatroDg, Joseph, 27, Ripon Street, Bunderhiud 

Armstrong, Robert B,, 2fl, Warwick Street, Heaton, Neweaatle- 

on-Tyne 

AmisoD, Geo., Jun., 61, Fawcett Street, Sunderland (N A t SUR) Nov. 

Atherton, William Henr;, 47, Lovnine Place, NewcaatlcMm-Tjne (E) Oct. 

Atkinson, V. C, 37, Croydon Road, Newcastle-OD-Tjne "~ " 

Atkinson, John Joseph, 7, Swiss Road, Elm Park, Fairfield, 

Liverpool 

AnatiQ, S. P., Wear Dockyard, Sunderland 

Austin, W. B., Lloyd's Register of Shipping, Royal Exchange, 

Middlesbrough (E SUR) Oct. 

Ajro, James Roay, IB, Neptune Road, Wallsend-on-Tyne (S) Jan. 



(E) Oct. 188T 
1864 
1891 

(E) Dec. 1892 

(E) Har. 1891 
<S) Nov. 1884 



Bagnall, T. W., The Groves, Winlaton-on-Tyne (F M) Nov. 1893 

Baguley, Ernest Edwin, Lyndhurst, Rowley Park, Btaffoid ... (E) April 1891 

Bailey, James, 3, South Avenue, Ryton-on-Tyne (E) Nov. 1884 

Bainca, Geo. Henry, Ueasra. Central Marine Engioeerkig Co., West 

Hartlepool (E) Oct. 1888 

Baird, George, 22, Lovaine Place, North Shields (E) Oct. 1893 

Baird, Robert, 13, Hjlton Tertaoe, North Shields (E) Jan. 1890 

Barclay, Jamea, Lloyd's Regiatar of Shipping, Swansea (SUR) Not. 1888 

Barley, C. J., c/o Messrs. The Kensington and Cnightsbridge i ^^ „ , 

Electric Lighting Co., Chapel Place, Brompton Road, i „":^ ' " ItH 

London, 8.W ^^^j Member, Dec. 1886 

Bamett, James Ronnie, Lilybank Hoose, Johnston, N.B (S) 




XXI 

Black, J., c/o Messrs. J. Merryweather k Co., West Hartlepool ... (E) Nov. 1888 
Black, Wm., Messrs. Black, Hawthorn^ & Co., Gateshead-on-Tyne (E) Jan. 1885 

Blackett, Walter, 60, Marine Parade, Sheerness ... (E) ] ^^<^^a*e» ^o^- 1^S6 

' Member, Nov. 1892 

Blackie, Thomas Reid, Lloyd's Begister of Shipping, Dock Office, 

West Hartlepool (SUR) Nov. 1890 

Blechynden, Alfred, 12, Cavendish Park, Barrow-in-Fomess ... (E) Oct. 1886 
Blenkinsop, John N., 38, Ashbomham Grove, Greenwich, S.E. ... (E) Oct. 1886 
Blumer, Wm., 2, Ashmore Terrace, Stockton Road, Sunderland ... (S) Dec. 1886 

Boddy, John, 96, Dock Street, Newport, Monmouthshire (E) Dec. 1888 

Bodin, Lauritz M., 27, Argyle Square, Sunderland ... (E $t SUR) Dec. 1889 

Bone, W. J., 61, Linskill Terrace, North Shields (S) Dec. 1884 

Bonnyman, James Smith, 13, Ryder Street, Canton, Cardiff ... (E) Nov. 1889 
Boolds, Jas. H., c/o Messrs. Raylton Dixon k Co., Cleveland Ship- 
yard, Middlesbrough (S) Oct. 1886 

Booth, Edward Spence, c/o C. Furness, Esq., 85, Water Street, 

Boston, U.S. America (E) Oct. 1889 

Booth, John William, Union Foundry, Rodley, near Leeds ... (E) April 1892 

Borowski, G., 11 Lodge, 26, Taigovaja Street, St. Petersburg, 

xvussla ... ... ... ... ... ... ... ... CE) Oct. 1885 

Bosi, Guiseppe, 157, Roker Avenue, Sunderland (E Ir NA) Jan. 1894 

Boyd, Wm., North House, Long Benton, Newcastle-on-Tyne ... (E) Nov. 1884 
Boyt, John T., 204, South 3rd Street, Philadelphia, Pa., U.S.A. ... (E) Nov. 1898 

Bramwell, Balfour, c/o Messrs. Harland & Wolff, Engine r Graduate, Nov. 1886 

Works, Belfast (E) (Member, Nov. 1887 

Brankston, R. T., 36, Hawthorn Street, Newcastle-on-Tyne ... (E) Nov. 1884 
Bioadbent, Frank, c/o Messrs. J. H. Holmes & Co., Portland Road, 

Newcastle-on-Tyne (E E) Nov. 1893 

Urown, Eugene, c/o Messrs. J. H. Holmes & Co., Portland Road, 

Newcastle-on-Tyne (E E) Feb. 1886 

Brown, James, c/o Sociedad Anonima, de los Astilleros del Nervion, 

Bilbao, Spain (E) Mar. 1891 

Brown, Robson, 1, Belle Vue Terrace, Tyne Dock (E) Nov. 1889 

Brown, T. R., 110, Roker Avenue, Sunderland ... (E) J^^raduate, May 1885 

I Member, Oct. 1886 
Brown, William, c/o Messrs. Siemens Brothers & Co., Woolwich ... (E) April 1887 
Browne, Sir B. C, Westacres, Benwell, near Newcastle-on-Tyne (C E) Jan. 1885 

Bruce, William ^^^ (Qvadmite, ^ov. im 

(Member, Mar. 1893 

Bryson, John Joshua, 58, Mount Pleasant, Barrow-in- r Graduate, Feb. 1889 

Furness (E) \Member, Dec. 1892 

Buchanan, A., Michaelson Villa, Barrow-in-Furness (S) Nov. 1884 

Buchanan, John H., Oswald Chambers, 5, Oswald Street, Glasgow(SUR) Oct. 1888 

Buckland, H. B., Baltic Chambers, Quayside, Newcastle-on-Tyuc (E) Nov. 1886 

Bull, John Catharinus, 29, Bexley Road, Erith, Kent (E) Oct. 1892 

Bulmer, John, 1, Graingerville North, Newcastle-on-Tyne . . (E) Mar. 1886 

Buhner, John George, 34, Brighton Grove, Newcastle-on-Tyne ... (E) May, 1894 

Burdon. J. G., Endfield, Newcastle-on-Tyne (E) Nov. 1884 

Burnett, Norman, Watergate Buildings, Newcastle-on-Tyne ... (E) Oct. 1891 

Bushell, Chas. A., 1 Benton Terrace, Newcastle-on-Tyne (N A * SUR) Nov. 1893 

Butterfieldf George, 30, John Candlish Road, MillfieJd, Sunderland Nov. 1884 



Calvert, Geo. A,, Wellington Villa, St. Luke's, Cork 

Cama, Nasserwaaji Bam&nji, Sleahin Road, Tardeo, Bomba;, 

British India 

Cameron, Angus, c/o James Laing, Esq., Deptford Yard, Sanderland 

Cameron, David, 11, Graham Place, Dundee 

CameroD, Heoiy, Hazlebank, Trinitj, Edinbui^h 

Campbell, J. Jennings 

Campbell, Thomas, 2, St. John's Terrace, Jarrow-on-Tjno 

Cannell, Frank, HessrB. H. Parry & Sod, Lisbon (E 

Catgey, D. J., Somemlle Honee, Forest Halt, Northumberland ... 

CamiChera, Frank, 27, Fenbam Road, Newcastlc-on-Tjne 

Carstons, Samuel, Messrs. BaimelsteT & Wains, Maskin-og Skibs- 

bjggeri, Copenhagen, Denmark 

Casey, James, 10, Philpot Lane, Loudon, B.C. ... 

Cay, Arthnr, Messrs. Cay, Hall, & Co., Quayside, Newcastle-on- 

Tyne 

Ceuvel, John L,, Kantoor, Oebouw, Amsterdam 

Chandler, Noel, Messrs. B a meted k Chandler, Cannock Chase 

Engioe Works, Hedncsford, Staffordshire 

Chapman, Abel, Capt., Belle Vue, Low Fell, Gatesbead-on-Tyne... 
Chapman , Harry Reynolds, Messrs. Clarke, Chapman, & Co., 

Gateshead -on-Tyne 

Chapman, Hedley, 147, Park Road, Newcastle- on-Tyne 

Charlton, Henry, 1, Millfteld Terrace, Qatesheaci-on-Tyne... 
Charlton, B. B., Jun., Manors Railway Station Works, Newcastle- 

on-Tyne 

Charlton, T., 2B, Lincoln Street, Oateshead-on-Tyne 

Cbarltou, Thomas, The Cedws, Millhill, West Cowes, Isle of Wight 
Chicken, Thomas, c/o Messrs. Newport Engineering and Ship 

Repairing Co., Newport, Uonmontb 

Chisbolm, Aleiander, 2, Kent Villas, Kent Street, Jarrow-on-Tyne 
Christie, C. A., c/o Messrs. Manchester Ship Canal, Pontoons^ Dry 

Dock Co., Mode Wheel, Manchester 

Christie, 0. J. D., Neptnne Works, Walker-on-Tjne 

(. Colbcrk Te 



(E) Not. 1893 

(E) Dec. 1888 
(S) Nov. 1892 
(E) ApHll891 
(E) Oct. 1892 
(E) Oct. 1888 
(S) Mar. 1894 
* S) Nov. 1887 
CE) Nov. 1891 
(E) Nov. 1893 

(S) Dec. 1887 
(E) Nov. 1891 

(E) Nov. 1884 
(E) Mar. 1886 

(E) Oct. 1891 
(E) Nov. 1884 

(E) Mar. 1893 
<E) Feb. 1886 
(E) Nov. 1884 

(E) Nov. 1884 
CE) Nov. 1884 
(E) Nov. 1690 

(E) Oct. 1892 
(S) Mar. 1893 

(E) Nov. 1884 
(S) Nov. 1884 




4.i 

xxm 



ELBCrrEi>. 

Cooper, Nnsaerwanji Naoroji, Indo-China Mills, Dader, Sivri, 

Bombay, India (E) Oct. 1889 

Cooper, William, Baltic Chambers, Quayside, Newcastle-on-Tyne (E) Feb. 1888 

Cooper, W., Jan., 11, Ridley Place, Newcastle-on-Tyne (E) i ^J^^a*«» ^ov. 1890 

( Member, Jan. 1894 

Coote, Arthur, Messrs. B. & W. Hawthorn, Leslie, & Co., Hebbnrxk- 

on-Tyne ... ... ... ... ... ... ... ... (S) Nov. 1884 

Copeman, William C. J., 10, Brinkbum Terrace, South Shields ... (E) Oct. 1892 

Cornish, H. P., 396, GloBSop Road, Sheffield (E) Oct. 1888 

Couche, Henry Drew, c/o Messrs. J. & G. Thompson & Co., Ship 

Drawing Office, Clydebank, Glasgow (S) Oct. 1891 

Courtier- Dutton, W. T., British Corporation Registry of Shipping, 

69, St. Vincent Street, Glasgow (S SUR) Aprill890 

Cowens, William Edward, c/o Messrs. John Abbot & Co., Gateshead- 

on-Tyne ... ... ... ... ... ... ... ... (E) Dec. 1889 

Craggs, Bmest H., Messrs. R. Craggs & Sons, Middlesborough ... (S) Oct. 1888 
Craig, John C, Lloyd's Register of Shipping, 3, St. Nicholas* 

Buildings, Newcastle-on-Tyne (E SUR) Oct. 1890 

Craig, Robert, Pageland House, Grange Road, West Hartlepool ... (E) Nov. 1892 
Crawford, Jas., 9, Custom House Court, Quayside, Newcastle-on- 
Tyne (S SUR) Nov. 1886 

Crawford, W. A. F., Westminster Chambers, 9, Victoria Street, 

London, S.W. (E) Nov. 1884 

Cross, Wm., 24, Windsor Terrace, Newcastle-on-Tyne (E) Mar. 1886 

Cmddas, W. D., Messrs. Sir W. G. Armstrong, Mitchell, & Co., 

Elswick, Newcastle-on-Tyne (E) Dec. 1884 

Cruickshank, Alexander, 64, Tennant Street, Hebbum-on-Tyne ...(SUR) Mar. 1892 

Cumming, Alexander, 20, Lome Terrace, Sunderland (E) Nov. 1891 

Cummins, W. R., 6, Roseangle, Dundee (E) Nov. 1884 



D. 

Dadd, Edward Martin, c/o Messrs. The Oriental Steamship Co., 84, 

Leadenhall Street, London, E.C. (E) Mar. 1892 

Dalrymple, Wm., 14, Brinkbum Terrace, South Shields (E) Dec. 1886 

Daniel, Alfred John (S) Nov. 1893 

Darling, W. J., Lloyd's Register of Shipping, Dock Chambers, 

Barry (S) April 1887 

Damey, John, c/o Messrs. Short Bros., Pallion, Sunderland ... (S) Nov. 1884 

Davie, Albert, c/o Messrs. W. Denny & Bros., Leven Ship- /Graduate, Feb. 1886 

yard, Dumbarton, N.B (E) iMember, Oct. 1887 

Davis, Thos. Wilfrid, Birkenfeld, Bromley, Kent ... (E) ( ^^ad"*^. Jan. 1891 

) Member, Mar. 1894 

Davison, A. J., Rosedale, Wallwood Road, Leytonstone, Essex ... (E) Oct. 1888 

Denny, Archibald, c/o Messrs. W. Denny & Bros., Dumbarton ... (S) Dec. 1891 

De Rusett, Edwin W., Warden House, Percy Park Road, Tyne- 

mouth ... ... (S) Nov. 1890 

Dick, Francis, 6, Gladstone Street, Sunderland (E) Nov. 1885 

Dick, F. W., c/o Messrs. Palmer's Shipbuilding Co., Jarrow-on- 

Tyne (I It S M) Oct. 1891 




ItUAiM/Mi. Jkmn. Hie Ct>i*ier'. irniie-Iaad 

f Ankj/>«A>, ^at.n. Ckrk fl'yow. Sso-ler'-avl ._ 

IH/^im/m. tt. E^ •;,'/ Miswr*. The Br/wlin^ Iiun Co- BtwUonl. 

Y.aVi^^f, ~ 

UUikitwrn, W,, Vark H'-iwe. SondwlMd ._ 

ItitsMji. V. fi., IfamVfar^ S'loth Amencu Siesm Ship Cwnputj, 

J(»«.l«.f(t (E) Sot. 1893 

U\%i/n-iifiwn, h. U.. UntbaDk Ball, HaltwhuUe (S) Nor. IftWi 

M%iiU, JsnxM, VllnaimMis:. Wslker-OD-Tjoe (S) Dec 1893 
tn*>m. .f">iri UtKiuMKT, Tj, Ostmrne Bead, KewcMtl«-oD- j Ondnate, Oct. 1887 

Tyw. (E) tUember, Feb. 1893 

Uivm. mr U»j\Um. Olvcfilaii'l Hhipyarri, Middleiborongh ... (S) Feb. 1888 

lllx"[i. Wltliiini, llnatj,!! IIhII iba<l, II cabin, Nevcaatle-on-TTOe ... (E) Not. 1893 

Jx.lflHKi, William, Wii|.liulliler, Walker-on-Tjme (S) Hot. 1888 

\hmh\i\, (In-irun dray, 2, H'mlb Prcatim, North Bbieldg (C> Oct. 1890 

lli'iinl'l, .latiiiM, iH, Kt, I>ukcii Tunace, TalUon, Snaderland ... (S) Not. 1884 

H-mklii, (J.u.rip'. Ht. Aii.lr':w'K Knirine Works, Newcaatle-on-Tyne (E) Oct. 1893 

ll'rNiivnti. .1. W., n. Ml I'Uirj:. Ncwcontlc Rood, SnnderUad ... (E) AprillSSG 

II'Xiiiliin, Jriliji K,, ii/ri Mimn. lUmage k Fei^Bon, Leitb (E) Jan. 1SS8 

tlw>\liam, Wlllbiu, niolm Iniii WarlcH, WiDlataQ.oD-TjDe... ... (E) Not. 1893 

ti'iwmiii, fllin«.,:j|, Urofl'J'urracu, Jarrow-on-Tjite (E) Dec. 1S8G 



Ihxrxr'l.niiaHoal),, l)alii)irli1)(o IIulmcTunBtaUBoad.Bondetlaad (S) Nov. 1BS4 

IP'iar.inl, II, !■„ l-itlllun KiikIiki Wiirkx, Hundcrtaud (E) Nor. 1884 

Il.iRriir.1, W, TlxKKlorK, I'nilliiri Kliipynnl, Sandorland (S) Hot. 1884 

Mmko, WlllUin tdlwnnl, 7. KikIwoH Turmco, Weymouth (E) Feb. 1893 

llinbiiMlmrK. -1. A., 711, NylmiKiiUri, Hti>ckhi>Im, Sweden (E) Feb. ISSR 

I km, .hill., 4, HI, NInholiiH' IIiiI1<11iikn Went, Newcastle -on-Tyne (E) TSov. 1884 

|tiii|iti<'>n, F, H„ III), llniki Kr. lU'tutiii, l.<iiul<m, B.C. (E) Feb. 1885 

tUiuilnlK. Wllllniii II., (Imoi Rituk, Jnrrow-on'Tjnc (S) Mat. 1894 

. urn, llykiT ritiTM'l. Walkiir -Tyne (S) i 
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Egan, James, Tonng Street, West Hartlepool (E) Dec. 1893 

Elder, Edward, Loudon House, Jarrow-on-Tyne ... (S) [ graduate, Nov. 1890 

' Member, Oct. 1892 

Elliot, Henry (E) May 1891 

Ellis, Robert Blwood, Messrs. Gumming & Ellis, Inverkei thing, 

Fife ... ... ... ... ... ... ... ... ... (S) Feb. 1891 

Eliringham, Joseph T., Stone Quay, South Shields (S It B B) Oct. 1889 

English, Thos. (Lieut.-Col.), Messrs. Palmer's Shipbuilding & Iron 

Co., Jarrow-on-Tyne (E) Oct. 1890 

Erdtman, Herman, North-Eastem Engine Works, South Docks, 

Sunderland (E) Nov. 1893 

Bshelby, William, 13, Brankingham Terrace, Norton Road, 

Stockton-on-Tees (E) Feb. 1888 

B?an8, Charles (E) Mar. 1891 

Bvans, LfCwls, c/o Ralph Carr, Esq., Maritime Buildings, King 

Street, Newcastle-on-Tyne (SUR) Dec. 1890 

Bvans, William, Superintendent Engineer, Caerphilly, near Cardiff (E) Nov. 1889 

Ewen, Alex., St. Mary's Island, Whitley-by-the-Sea... (E) J C^^aduate, Oct. 1891 

I Member, Jan. 1894 

F. 

Farina, A. J., 63, Quayside, Newcastle-on-l^ne (E) Nov. 1884 

Farrar, Harrie Crawhall, 18, Gladstone Street, Hartlepool ... (S) Nov. 1893 

Faruffini, Capt. M. C, c/o Connitato Pei Designa delle Navi 

Ministero dilla Marina, Rome, Italy (N A) Dec. 1888 

Feldtmann, H., Surveyor to Bureau Veritas, Bergen, Norway ... (E) Jan. 1889 
Fenwick, James, B.Sc, C.B., 19, Bridge Street, Sydney, New South 

wales ... .•• ... ... ... ... ... ... v^y v/Ct. lo92 

Ferrier, Robert M, B.Sc, Durham College of Science, Barras 

Bridge, Newcastle-on-Tyne (E) Nov. 1892 

Filley, George Frederick, 247, Dumbarton Road, Glasgow ... (S) Nov. 1891 

Findlay, John Taylor, 14, Nelson Street, Sunderland (S) Feb. 1890 

Pish, Thomas Wilson, Lloyd's Register of Shipping, Glasgow ... (SUR) May 1892 
Fleming, Charles Edward, 71, Elswick Road, Newcastle-on-Tyne (E) Nov. 1884 
Fletcher, James, 11, Ibrox Place, Whitefield Road, Ibrox, Glasgow (E) Dec. 1886 

Fletcher, Robert, Walker Forge, Walker-on-l^e (F M) Dec. 1886 

Flohr, Justus, Elisabethstrasse 10, Stettin, Germany (E) Oct. 1886 

Foley, Nelson, Villa Beatrice, Parco Griffeo, Naples, Italy ... (E) Nov. 1884 

Foley, Wm. C. le B., 1,706, Oxford Street, Philadelphia, 1 Graduate, Nov. 1887 

U.S.A. (S) 1 Member, Oct. 1892 

Ford, David, c/o Mr. Gibson, 1, Jamaica Street, Glasgow (E) May 1891 

Forster, William, c/o Messrs. Dixon, Robson, & Co., 2, Collingwood 

Street, Newcastle-on-Tyne (E) Mar. 1890 

Foster, Henry, Newbum Steel Works, Newbum-on- Tyne (E) April 1885 

Fothergill, J. R., 1, Bathgate Terrace, West Hartlepool (C E) Mar. 1886 

Fowell, Ridley, Lloyd's Register of Shipping, Dock Offices, West 

Hartlepool (S It E SUR) Feb. 1893 

Fowling, Charles, Lloyd's Register of Shipping, Dock Office 

Buildings, West Hartlepool (S) Nov. 1892 

Fownes, Henry, Tyne Forge, Ousebum, Newcastle-on-Tyne ... (F M) Nov. 1884 
Fox, Samson, Messrs. The Leeds Forge Co., Leeds {Life Member) (E) Dec. 1887 



Fianki, J. P., c/o Uesara. Uorta Dty Dock and Engineering Co., 

Sydney, IT.8.W., AnstniliA ... (E) Jan. 1886 

Fra«r, John Imbrie, 13, Sandyford Place, Glasgow (E) Oct. 1891 

Fntaer, Thomaa S., HesBTB. E. Scott, Uonntain & Co., The Close, 

Newcastlc-on-Tyne (E E) Jan, 1894 

Freeman, Alfred Isaac, 2, Kegent Terrace, Newcastle-on- 1 Oradnate, Dec. 1890 

Tyne (E) 1 Member, Not. 1893 

Fumeanz, J. B., Victoria Engine Works, Qateahead-on-lVne ... (E) Not. 1885 
Faise, Fred., Villa Sclilaepter, Capodlmonte, Naples (S) April 1887 



Gad, Oscar, Detpfoid Yard, Deptford, Snnderland (S) 

Gannaway, H. G., 11, Kent Street, Jarrow-on-Tyne {S) 

Garthwaite, John B.,c/o MeBsrs. B. Kopner Jc Bona, Stockton-on-Tees (S) 

Qayner, Eobt H., Jim., Beech Hoim, Sunderland ... (E) J'G'^'^t*- 

lUember, 
Gearing, Ernest George, Fairlie House, H;de Park Boad, Harrogate (E) 

Geddea, CbriBtopher, 23, Brunswick Btreet, Liverpool (E> 

Gibson, H., 162, Boker Avenue, Honkwearmonth, Snnderland ... (S) 

Gibson, John W., 1, BeUerby Terrace, West Hartlepool (B B) 

Gibson, W. H., 37, Tatham Street, Sunderland (E) 

Glover, Terrot, 6, Azalea Terrace, Sunderland (E) 

Gordon, William James, c/o MesBrs. Naval Construction and Anna- 

mento Co., Barrow-in-Fomese ... 

Gordon, William Leslie, Invermark, Broughty Ferry, N.B. 
Graham, Edwin, Uessra. Oabonme, Graham, & Co., Hylt«a, Sander- 
land (S) 

Graham, Wm., Ford Lodge, Sonth Hylton, near Sunderland ... (S) 

Graham, William, West Honse, l^nemouth (S) 

Graham, William, Los Astllleros del Nervlon, Bilbao, Spain ... <S) 
Gravell, John, Custom House Coort, Quayside, Newcastle-on-Tyne 

(N A SUR) 

Gray, A., 17, Belgrave Terrace, Newcastle-on-Tyne (E) 

Gray, George, S, Salem Hill South, Sunderland (E) 

" 3 Terrai " 



<E) 



Not. 18U3 
Hot. 1884 
Hay 1889 
Mar. 1886 
Oct. 1888 
Dec. 1892 
Oct. 1888 
Not. 1884 
Not. 1891 
Not. 1884 
Uar. 1886 

Oct. 1887 
ApH11893 

Nov. 1884 
Not. 1884 
Oct. 1891 
April 1893 

Not. 1884 
Not. 188S 
Feb. 1888 
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H. 

Hake, G. A., 29, Rothbnry Terrace, Heaton, Newcastle-on-Tyne ...(SUR) Oct. 1888 
Hall, Edward, c/o Sociedad Anonima, Astilleros del Nervion, 

Bilbao, Spain (S) Nov. 1885 

Hall, J. Percy, Carville, Laurie Park Road, Sydenham, London, S.E, (E) Oct. 1886 
Hall, John W., c/o Messrs. John Scott & Co., Abden Works, Eing- 

hom, N.B (S) Oct. 1887 

Hall-Brown, B., c/o Messrs. Hall-Brown, Buttery, & Co., Helen 

Street Engine Works, Qovan, Glasgow (E) Nov. 1888 

Halley, David, Messrs. Burmeister ic Wains, Maskin-og Skibs- 

byggeri, Copenhagen, Denmark {Life Member) (E) Feb. 1887 

Hamilton, John, c/o Messrs. Naval Construction and Armaments 

Co., Barrow-in-Furness (E) Nov. 1886 

Hamilton, R. R., c/o Messrs. Maudslay, Sons, & Field, West- 
minster Bridge Road, Lambeth, London (E) Nov. 1884 

Hammar, Hugo G., Bureau of Construction and Repairs, U.S. 

Navy Yard, Brooklyn, New York, U.8.A (S) Nov. 1890 

Harding, J. C, 4, Queen's Road, Erith, Kent (E) Nov. 1884 

Harkness, Richard, 8, Grenville Terrace, Grange Road, West 

Hartlepool (S SUR) Nov. 1884 

Harlow, F., 15, Clayton Park Square, Newcastle-on-Tyne (E) Nov. 1884 

Harman, Bruce, c/o Messrs. A. & W. Smith & Co., Eglington 

Engine Works, Glasgow .. (E) Oct. 1886 

Harper, J. H., 1, Beaumont Street, North Shields (E) Jan. 1885 

Harris, Anthony, c/o Messrs. Copley, Taylor, & Co., Engineers, 

Middles borough (E) Mar. 1892 

Harrison, Alfred, Scotia Engine Works, Sunderland (E) Oct. 1889 

Harrold, Alexander, 26, Park Road, Newcastle-on-Tyne (E) Nov. 1884 

Harrold, F., 14, Rowell Street, Hartlepool (E) Nov. 1888 

flartness, J., East Boldon, near Sunderland (E) Nov. 1884 

Harvey, John W. J., 1, Richmond Villa, Chertsey Road, Bristol ... (E) Feb. 1889 
Havelock, Michael, o. Exchange Buildings, King Street, New- 
castle-on-Tyne (E) Dec. 1887 

Head, Archibald P., 47, Victoria Street, London, 8.W. (E)/^'^^**^' ^^^- ^^^^ 

» . V ^ I Member, Oct. 1887 

Headlam, Robert, New Park Terrace, Hartbum Lane, Stockton-on- 

lees ... ••• ••• •■• ••• •>> •>• ... ... Q^y .Mov. looo 

Heck, John H., Lloyd's Register of Shipping, Newport, Mon- 
mouthshire (S SUR) Nov. 1885 

Henderson, Alex., c/o Messrs. Empreza, Nacional, De. Nav. D'Vapor, 

Lisbon .. ... (E) April 189B 

Henderson, A. M., 3, Greatham Terrace, West Hartlepool ... (E) Nov. 1890 

Henderson, George, 54, Westmorland Road, Newcastle-on-Tyne ... (E) Nov. 1884 

Henderson, Robert, 30, Lovaine Crescent, Newcastle-on-Tyne ... (S) Nov. 1884 

Henshall, Samuel, 6, Hume Street, Millfield, Sunderland (S) } Graduate, May 1885 

f Member, Jan. 1894 

Hepburn, Alfred, Northumberland Forge, Wallsend-on-Tyne ... (F M) Dec. 1890 

Hepple, William, Slipway, South Shields (E It S) Oct. 1885 

Hepple, William Thos., Messrs. Hepple & Co., Engineers, Wapping 

Street, South Shields (E) Dec. 1893 

Hadpey, A. J., 11, Chester Street, Sunderland (S) Nov. 1884 

Hill, Alfred William, Otterburn Terrace, Newcastle-on-Tync ... (I M) Oct. 1891 



Hill, Haswell, 1, St Nicholas' BalldingB, Newcaatle-oa-Tjtie ... (S) Not. 
Hills, Oharles HeiiTf, Anglesey Copper Works, Walker-on-Tyne ... (E) Nor. 

Hindson, William, Beneham Lodge, Gat«8head-oa-T7ne (E) Not. 

HindsoD, William Foreter, T, Blysium Lane, Etenaham, I Qradn&te, Nor. 

Gatesbead-OQ-TTne (E) I Member, Not. 

Hioes, William, B.N. ,ET,ec. Andrew's Road, Sonthaea (E) Hu. 

Hint, Richard, Lloyd's Raster of Shipping, Dock Offices, West 

Hartlepool (E SUR) Not. 

Hodge, Rowland F. W., Messrs. C. 8. Swan & Hant«r, Wallseud-on- 

Tjne (S) Dec. 

Hogg, James, S, Lovaine Terrace, North Shields (B F) Not. 

Hitk, Wilhclm, Deptford Shipyard, Sunderland (S) Oct. 

Holbrook, Thomas, 22, St, Hilda Street, Hartlepool (E> Not. 

Eollis, Henry William, Wbitwoitb Honse, Spennymoor (I M) Oct. 

Eolmee, John H., Portland Kond, Newcastle- on- Tyne (E) Jan. 

Homji, A. C. N., 13, Trinity Street, Dbobie, Talao, Bombay, India (E) Not. 

Hooper, Ernest, 23, Whitehall Terrace, Sunderland (E) Not. 

Hopkinson, Frank A, c/o Messrs. J. Hopkinson & Co., Huddersfield (E) Dec 
Hunter, Oeo^e B., Messrs. C. S. Swan, Hunter, & Co., Wallsend. 

on-Tyne 

Bnnter, J. W., Pendleton Honse, Stockton Road, Sunderland ... 
Hunter, Summers, c/o Messrs. N.B. Marine Engineering Co., 

Northomberland Engine Works, WaUsend-on-Tyne 

Hntchinson, C. W., 6, Park Parade, Westmorland Road, New- 

cftstle-on-Tyne (E) Not. 

HntchinsoD, Wesley, BA., 6, Park Parade, Newcastle-on-Tyne ... (E) Oct. 

Hutchison, J., Board oi Trade Offices, Middlesborongh (SUR) Dec 

Hotchlson, Thomas Allan, 22, WbamdiSe Street, Ncwc>utIe.on< 

Tyne (S) Nor. 



(S) Hot. 
CE) May 



(E) Not. 



1884 

I89I 
1893 



1K86 
1864 
1886 
1891 



188£ 
1835 



1. 

Inglis, John, c/o Messrs. Hawthorn & Co., Leith (S) April IBST 

Inglis, John, Jnn., Pointhouse Shipyard, Partick, Glasgow ... (E) Oct.' 1886 

Jnman, Douglas 8., IT, Wantlsworth Boad, Heaton, Newcastle.on- 

Tyne (E) Oct. 1892 
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John, Edmund, BaTTj Dock, CardifE (E) Dec. 1889 

Johnson, Alexander, 34, Cardigan Terrace, Heaton, Newcastle- 

on-Tyne ^ (E) Feb. 1892 

Johnson, Johan, 7, Vestra Hamngaten, Gk)thenbarg, Sweden ... (S) May 1885 

Johnson, T. Allan, Dry Docks, Passage West, Cork (S) Nov. 1884 

Johnstone, William, Lloyd's Registet of Shipping, Barrow-ln- 

Fumess (SUR) Nov. 1884 

Joicey, Jacob G., Forth Banks West Factory, Newcastle-on-Tyne (E) Jan. 1889 
Jones, George, c/o Messrs. W. Gray & Co., West Hartlepool ... (S) Oct. 1888 

Jones, Morlais G., 6, Delahay Street, Westminster, London, S.W.... 
Jorgenson, F., Lispector to Austrian Lloyd's, Constantinople ...(SUR) Nov. 1888 



K. 

Keene, H. B., Lloyd's Register of Shipping, Exchange ( Graduate, May 1885 

Buildings, Middlesborough (E) ( Member, April 1887 

Kelsey, William, 4, Lily Avenue, Jesmond, Newcastle-on-Tyne ... (E) Dec. 1893 
Kendall, Stonard 0., c/o J. Gravell, Esq., Bureau Veritas, Custom 

House Court, Quayside, Newcastle-on-Tyne (SUR) Mar. 1891 

Eerfoot, James, 7, Queen's Terrace, Jesmond, Newcastle-on-Tyne (E) Oct. 1892 
Kilvington, W., Northumberland Engine Works, Wallsend-on-Tyne (E) Nov. 1884 
King, Donald, Engineering Department, Sociedad Anonima, 

Astilleros del Nervion, Bilbao, Spain (E) Jan. 1890 

King, John, 18, Mather Street, Newcastle-on-Tyne ... (S) I Graduate, Dec. 1890 

^ I Member, Oct. 1892 

Kirkaldy, John, 40, West India Dock Road, London (E) Nov. 1885 

Kitching, J. F., 4, Hart Road, West Hartlepool (E) Nov. 1890 

Knaffl, Al vis, c/o Norddeutscher Lloyd, Bremerhaven (E) Mar. 1893 



L. 

Laidley, R. W., 6ff, Pitt Street, Sydney, N.S.W., Australia ... (E) April 1887 

Laing, Andrew, Fairfield Works, Govan, Glasgow (E) Oct. 1892 

Laing, Arthur, Deptford Shipyard, Sunderland (S) Nov. 1884 

Laing, Jas., Jun., Deptford Yard, Sunderland (S) Nov. 1884 

Laing, John, c/o Messrs. R. & W. Hawthorn, Leslie, & Co., St. Peter's, 

Newcastle-on-Tyne (E) Nov. 1884 

Larkin, James, Simonside Terrace, East Jarrow-on-Tyne (E) Nov. 1884 

Laurie, Leonard George, Newport, Monmouthshire (E) Oct. 1891 

Lewis, B. A., Newbum Steel Works, Newbum-on-Tyne (E) Nov. 1884 

Liddell, J., c/o Messrs. Denny & Co., Engine Works, Dumbarton... (E) Nov. 1884 

Lindfors, Hugo, 16, Alexandersgatan, Helsingfors, Finland ... (S) May 1889 

Lineham, Wilfrid J.. Jesmond, Leyland Road, Lee, London, S.E. (E) Oct. 1890 

List, John, Orchard House Works, Blackwall, London, E. ... (E) April 1891 

Littleboy, Chas. Wm., 2, Lome Terrace, Stockton-on-Tees ... (S) Oct. 1887 

Livingston, Thos. L., Dunedin House, Jarrow-on-Tyne (S) Nov. 1884 

Lohmeyer, H., 43, Crown Street, Newcastle-on-Tyne (E) Nov. 1884 

Long, A. E., 124, Albert Road, Jarrow-on-Tyne (S) Nov. 1884 

Lowdon, David, Barry Dry Dock Co., Barry Dock, Cardiff ... (E) May 1894 
Lowdon, John, Messrs. Barry Graving Dock and Engineering Co., 

Limited, Barry Dock, near CardilE (E) Dec. 1891 



(E) Deo. 
(E) Feb. 

(S) Nov. 
(E) Jao. 
(E) Dec. 
(E) Mar. 
(E) Dec. 
(S) Mar. 
(E) May 
(S) Nov. 
(S) Nov. 



HacOoll, Hector, Strandtowa, Belfast 

Uftccoy, John, 56, Larkspur Terrace, Newcastle-on-Tyne 

MacDonald, David R., c/o Messrs. Sir W. G. Armstrong, Mitchell, 

& Co., Walker Shipyard, Newcastle-on-Tjne 

Mace, W., 263, Albert Boad, Jarrow-on-Tyne 

Macfarlane, Andiew, IS, John Street, Suoderland 

MacOregor, John, 2, Michaelston Villas, Barrow-in-Fomeee 
HacHaffie, John, 636, Terrace Place, Schenectady, New Tork, U.S.A. 

Mackay, William, Bennie Place, Renfrew 

MacmillAQ, Walter 

HacoH, D. C, S, Qosforth Street, Monkwearmoath, Snnderland ... 
Macoll, Hugh, 4, Azalea Terrace North, Sunderland {lAfe Menber) 
Manaira, Ouieeppe, 4, Salita 6 Qerslamo, Qenoa, Italy ... (E t) N A) Nov. 
Marlborough, Richard, 44, Muirpark Qardeos, Partick, Olasgow... (S) Nov, 

Marr, James, 6, Ash Place, SanderlAUd (S) Nov. 

Marshall, F.C., 38, Percy Gardens, Tynemonth (E) Nov. 

Marehall, Frank T., Messrs. R.b W. Hawthorn, Leslie,!: Co., f Graduate, Jan, 

St. Peter's, Newcastle-on-Tyne (E)tMember, Oct. 

Marshall, B. J., 51, Larkspur Terrace, Jeamond, Newcaatle-on-Tyne (E) Mar. 
Mastaglio, W. D., 65, Warrington Road, Newcastle -on-Tyne ... (E) Nov, 
Mather, Charles, i4, Warringtoc Eoad, Newcas tie-on -Tyne ...(SUR) Oct. 

Hatbeson, William, c/o Messrs. B. & W. Hawthorn, Leslie, & Co., 

Hebbnrn-on-Tyne (S) Dec. 

Matthews, A., Waterloo Road, Blyth (S) Nov. 

Matthews, Jas., c/o Messrs. R. &W. Hawthorn, Leslie, & Co., Forth 

Banks, Newcastle-on-Tyne (E) Oct. 

Mavoi, Alfred B., Victoria Mansions, 32, Victoria Street, 

London, S.W (E E) Feb, 

HcDougall, Neil, Managing Director Bricish Steam Users' Insur- 
ance Society, lA., 4 Jc 5, Victoria Buildings, Manchester ... 
McOlashan, Arch., Beechcroft, Clifton Avenae, West Hartlepool 
McUvenna, J. Q., c/o Messrs. The Tyne Pontoon and Dry Docks 

Co,, Wallsend-on-Tyne 

McKay, Jno., 19, Victoria Avenue, Whitley-by-the-8ea 



ISM 

1891 



(E) Mar. t 
(S) Nov. I 



(S) Nov. 1 
(E) Nov. 1 
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MUler, Thoxnas B., 28, Mount Stuart Square, CardifE (E) /graduate, Nov. 1886 

IMember, Oct, 1888 

Mills, John, c/o Messrs. Greenock Steam Shipping Co., 

Greenock (E) Feb. 1888 

Mills, William, Bast Boldon, near Sunderland (E) Feb. 1890 

Milne, W. J., Welbeck Road, Walker-on-Tyne (S) Nov. 1884 

Milton, J. T., Lloyd's Register of Shipping, 2, White Lion Court, 

Comhill, London, B.C (E SUR) Nov. 1886 

Mitchell, Chas., Jesmond Towers, Newcastle-on-Tjne (S) Nov. 1884 

MoflEatt, James, 7, Murray's Terrace, Belfast, Ireland (E) | ^/a<l^**®» ^^' HH 
' ' * J ' ^ M Member, Oct. 1892 

Moffitt, George, 42, SUnley Street, Blyth (S) Oct. 1888 

Moffitt, Robert, 13, Grace Terrace, Sunderland (E) Dec. 1885 

Moody, Thomas V., Riding Mill, Northumberland (E) Dec. 1887 

Moore, Frederick, c/o Messrs. Wilson, Sons, & Co., Ld., Pemambuco (E) Oct. 1890 

Moorsom, Frederick, Queen Terrace, Seaton Carew (S) Nov. 1893 

Morgan, W. H., 22, Rochdale Street, Wallsend-on-Tyne (E) Nov. 1884 

Morison, D. B., 8, Albion Terrace, Hartlepool (E) Feb. 1886 

Mork, Peter, Lennox Hotel, Dumbarton, N.B (E) Nov, 1884 

Morrison, Robt., 6, Challoner Terrace, South Shields (E) Nov. 1886 

Morrison, William, Lloyd's Register of Shipping, 3, St. Nicholas' 

Buildings, Newcastle-on-Tyne (E SUR) Oct. 1890 

Morton, Richard Fraser, Lloyd's Register of Shipping, Newcastle- 
on-Tyne (E SUR) Oct. 1890 

Mountain, William Chas., Messrs. E. Scott & Co., Close, Newcastle- 
on-Tyne (E E) Feb. 1889 

Mndd, Thomas, Central Marine Engine Works, West Hartlepool (E) Mar. 1886 

Muir, Alfred Edward, 21, Joannah Street, Sunderland (S) Mar. 1893 

Muir, John (E) Oct. 1888 

Muir, Robert, 11, Clarence Crescent, Whitley-by-the-Sea (SUR) Oct. 1886 

Muir, Robert Home, 1, Lovaine Crescent, Newcastle-on-Tyne ... (S) Oct. 1892 
Myles, David, Northumberland Engine Works, Wallsend-on-Tyne (E) Nov. 1884 



N, 
Nastoupil, John, Chief Engineer, Austro-Hungarian Navy, Marine 

Casino, Pola, Austria (E) Nov. 1890 

Nevins, William, c/o S. Todd, Esq., c/o Messrs. R. & W. Hawthorn, 

Leslie, & Co., Hebbum-on-Tyne (E) Mar. 1894 

Newbigin, Henry Thornton, 163, Weardale Street, Mount Pleasant, 

Spennymoor (E) Mar. 1892 

Newitt, Leonard, c/o Messrs. Sir W. G. Armstrong, Mitchell, & Co., 

Elswick Works, Newcastle-on-Tyne (E E) Dec. 1887 

Newton, Richard, Park Square, West Hartlepool (E) April 1889 

Newton, W. A., 29, Sea View Terrace, South Shields (E) f^^^^^^» ^»y ^^^^ 

^ ^ I Member, Oct. 1886 

Nicholls, H. B., 25, Churchill Street, Sunderland (E) Nov. 1893 

Nicholson, John S., North View, Mowbray Road, Westoe, South 

Shields (E) Nov. 1893 

Nicol, John M., 16, Linskill Terrace, North Shields (E) Nov. 1884 

Nicolson, G. C, c/o Mr. Shearer, Victoria Jubilee School, j Graduate, Oct. 1886 

Byker, Newcastle-on-Tyne (E) iMember, Oct. 1888 



Noble, George, 10, Weslgate Boad, Hewcastle^D-r;iie (E) Hay 1893 

Noble, Harry, Northern Machine Tool Works, Brewery Lane, 

Felling-on-Tyne (E) Nov. 18S8 

Noble, J„ 48, Marine Approach, Sonth fjhielda (E) Oct. 1892 

Nodder, Josepb, 603, PitBmoor Boad, Sheffield (F M) May 1693 

Norman, W. 8„ Orchard House, Whitbj, near CbeMer (E) Not. 1884 

Norton, Harold P., U.B.B. Concord, Bnrean Steam Engineering, 

Navy Department, Washington, U.8.A (E) Oct. 1890 

Noton, F. G,, Lloyd's B^atry of Shipping, 8, Strand, Barrow-in- 

Fnmeae (S) Not. 1884 

Nones, Enrique E., Bi^ineer, Ai^entine Nftvy, 133, Calle Aya- 

oacho, BneuoB Ayres (E) April 1891 



OIlTer, Hedley, 6, Tower Chambers, Water Street, LiTerpool ... (E) Oct. 1892 

O'NeU, J. J., 2, Erith Terrace, Snnderland (E) Nov. 1881 

Orde, B. L., c/o Measns. Sir W. Q. Armstrong, MitcheU, & Co., 

Walker Shipyard, Newoastle-jn-Tyne (E) Oct. 18BT 

Orlando, CheT. Giuseppe, Cantiere NbtbIc, Fratelli Orlando, 

Leghorn (N A) Jan. 1893 

Orr, Beginald, 18, Bnlwer Street, Shepherd's Bush, London, ( Otadiuite, Mar. 1890 

W (E) I Member, Oct. 1892 

Oxiey, Q., 39, Normfw Terrace, Howdon^jn-Tyne (S) Not. 1884 

Oxton, Walter, 96, Blackpool Street, Bnrton-on-Tient (E) f Qra^naW, I>eC' 1890 
• • >' '■ ' I Member, May 1894 



Pace;, John W,, c/o Messrs. Midland Goal, Coke, A Iron Co., 

Apendale, near Newcastle, Staaoidabire (E) Feb. 1S8S 

Parsons, Hon. Charles A., Blvaston Hall, Byton-on-Tyne (E E) Dec. 1S8T 

Parsons, Harry F., Wylam House, Park View, Heaton, Newcastle- 

on-Tyne (E) Dee. 1890 

Paaeoe, J. B., Tyrmont, Woodford, Essex {Life JVm&m-) (S> Dec. 1889 

Faton, Alexander Bobert, Lloyd's Beglster of Shipping, West 
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Phillips, Walter, 28, Brownhill Road. Catford, London, S.E. (N A It E) Oct. 1886 

Phorson, P., Glen Lea, Roker, Sunderland (S) Nov. 1884 

Piand, Leon, Bureau Veritas, 8, Place de la Bourse, Paris (N A) Nov. 1888 

Pitt, Frederick William, 15, Wilberforce Terrace, Qateshead-on- 

Tyne (E SUR) Oct. 1890 

Plotnicki, B. C, The Avenue, Wallsend-on-Tyne (E) Nov. 1886 

Poll, Rodolfo, Chioggia, Italy (N A) Jan. 1890 

Potts, Matthew, 86, Glen Terrace, Hebburn-on-Tyne . . ... (S) Dec. 1890 

Potts, Robert, 11, Mount Pleasant, Deptford, Sunderland (S) Oct. 1888 

Powell, James Richard, Pier Head Chambers, Cardiff (C E) May 1894 

Price, F. D., 2, Bede Burn Street, Jarrow-on-Tyne (E It S) Oct. 1888 

Price, John, 6, Osborne Villas, Jesmond, Newcastle-on-Tyne ... (S) Nov. 1884 
Prince, Alfred, Kent Villa, Jarrow-on-Tyne (E) Nov. 1884 

Pringle, Alfred, 10, Somerset Terrace. Walker-on-Tyne (S) | ^/a^"*^' ^®^- }f^) 
* ' * ' ] Member. Jan. 1894 

Pringle, James G., 10, Somerset Terrace, Walker-on-Tyne (S) Oct. 1892 

Prosser, James, 205, Albert Road, Jarrow-on-Tyne (E) Nov. 1893 

Purdon, Andrew S., Fairfield Works, Govan, Glasgow (S) Oct. 1892 

Purdy, A. J., Philipson Street, Willington Quay-on-Tyne (E) Nov. 1884 

Purves, David, Wyborne Gate, Westcliffe Road, Birktiale, South- 
port (SUR) Dec. 1885 

Purvis, Fred. W., 5, Greatham Terrace, West Hartlc|)Ool (S) April 1893 

Putnam, T., Darlington Forge, Darlington (F M) Nov. 1884 

Putnam, William, Darlington Forge, Darlington » (F W) Nov. 1884 



Q. 

QuickC, Herbert John, Summerhill House, Blaydon-on-Tyne ... (E) Feb. 1891 

R. 

Rae, John, 11, Gray Street, Glasgow, N.B (E) April 1886 

Ralston, G. C, The Grove, Walker Gate (E) Oct. 1887 

Ramage,J.T., The Hawthorns, Ferry Road, Leith (E) April 1887 

Ramage, John Anderson, 74, Glen Terrace, Hebburn-on-Tyne ... (S) Oct. 1892 

Rcadhead, Jas., Beach View, South Shields (S) Nov. 1884 

Readhead, John, Jun., 4, Salisbury Place, South Shields (E) Mar. 1886 

Readhead, R., 28, Sea View Terrace, South Shields (E) Nov. 1884 

Readhead, W. B., South-garth, Westoe, South Shields (S) Nov. 1886 

Reavell, W., c/o Messrs. Babcock & Wilcox 147, Queen j Graduate, April 1885 

Victoria Street, London, E.C (E) ) Member, Oct. 1887 

Reed, Joseph, Angerkon Houhc, North Shields (E) Oct. 1889 

Reed, J. W., c/o Messrs. Palmer's Shipbuilding and Iron Co., 

Limited, Engine Works Department, Jarrow-on-Tyne ... (E) Nov. 1884 

Rcnnoldson, C, Messrs. J. P. Rennoldson & Sons, South Shields ... (S) Jan. 1886 

Uennoldson, Jos. M., Messrs. J. P. Rennoldson & Sons, South Shields (S) Feb. 1886 
Reynolds, Charles H., c/o Messrs. Sir W. G. Armstrong, Mitchell, & 

Co., Walker-on-Tyne (S) Mar. 1889 

Reynolds, Kdwawl, c/o Messrs. Vickers, Sons, & Co., Sheffield ... (E) Jan. 1888 

Reynolds, W. G.. 36, Meldon Terrace, South Shields (E) Oct. 1886 

Richanlson, Philip Wigham, Neptune Works, Walkcr-on-Tyue ... (S) Nov. 1890 

Richardson, T., Jun., Hartlepool Rno^inc Works, Hartlepool ... (E) April 1888 

Richardson, Wigham, Neptune Works, Walker-on-Tyne (S) Nov. 1884 
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Bickabf, A. A., Bloomfield Eogine Works, SanderlaDd (E) 

Hidley, J. B., Messrs, B. k W. Hawthorn, Leslie, k Co., St. Peter's, 

NewcasHe-on-Tyne (E) 

Biley, J. H., Mesirs, Riley Bros., Stockton-on-Tees (B B) 

Kimmragton,B. F,,fi, Cliff Terrace, Hartlepool (E) 

Bitson, H., Lloyd's Begtstcr of Shipping, 56. Constitution Street, 

Leith (ESUR) 

Bitson, 8. M., 18, St. Be.lo's Terrace, Sunderland ... (E) { '^^"^' 

Roberta, David, 19, West Avenue, Oosforth, Newcastle -on -Ty no.. , (E) 

Bobinson, B. A., 12, Harold Street, Sunderland (E) 

Bobinson, William, 7, Choppington Street, Newcastle -on -fOraduato, 
Tyne (E) iMember, 



Bobson, Arthur, Messrs. J, Blumer* Co., Sunderland (S) 

EobBon, George, 9, Wellington Terrace, South Shields (E) 

Robson, Geo. Edwanl, 69, Thornton Slreet, West Hartlepool ... (S) 

Eobson, John H., Grainger CommeTcial Hotel, Newcastle -on- Tyne (E) 

Robflrtn, J. M.. 4, Abbey Terrace, Qateshead-on-Tyne (E) 

Bobson, M., 23, Zion Terrace, Newcastle Boad, Sunderland ... (S) 

Bogcr, Robert, Stockton Iron Foundry, West How, Stockton-on-Tees (E) 
BoKers, Herbert M., Laurel Bank, Bromley Common, Kent (SUR) 

Bolf, George. Lefroy House, Newcastle-on-Tyne {E E) 

Holland, Alexander, Villa Ruzic, Sneak, Fiume, Hungary ... ... (E) 

Bookc, Charles Bowden, Jun„ St. Paul's Boad, West Hartlepool... (E) 

Bopner, Rnlwrt, Jun., Stockton-on-Tees (S) 

Bose, Joseph (E) 

BoM, William, '20, Meadow Side, Dundee (E) 

Rosser, W, D., Cantiff Pontoon Company, Mounb Stuart Square, 

Cardiff (S) 

Rowan. .Ins., 231, Elliott Street, Glasgow (E) 

BowcU, G. W., Simla House, New Bonwcll, Newcastle-on-Tyne — (E) 

Rowcll, H., 45, Glen Terrace, Hebburo-on-Tyne (S) 

Bnsdcn, L,, 14, Sanilcn<on Road, Jesmond, Newcastlc-on-Tyne ... (E) 

Russell, F, Herbert, Hcotia Engine Works, Sunderland (E) C 

Biilhcrfoni, G., Bute Dry Dock, Ronth Basin, Cardiff (S) f 



Nov. 18B4 
May 1893 

Nov. ises 



Nov. 1898 
Oct. 1891 
Nov. 1884 
May 188.1 

Dec. 1886 
Oct. 1S89 
Nov. 1893 
X'ov. 1885 
Nov. 1884 
Nov. 1884 
Nov. 1888 
April 1889 
May 1892 
Mar. 1892 
Nov. 1889 



Feb. 1 



Feb. 1886 
Nov. 1884 
Nov. 1884 
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ET.ECTBD. 

Sawyers, John, c/o Messrs. Thos. Wilson, Sons, & Co., Hull ... (E) Oct. 1886 

Schaeffer, A. G., 4, Benton Terrace, Newcastle-on-Tyne (E) Nov, 1884 

Scotson, Alf., 22, Victoria Road, Middlesborough (S) Feb. 1887 

Scotson, Wm., 78, Stafford Street, Wednesbury (E) Nov. 1884 

Scott, Ernest, Close Engine Works, Newcastle-on-Tyne (E E) Nov. 1884 

Scott, James, c/o Messrs. Consett Iron Co., Blackhill, Co. Durham... (E) Oct. 1892 

Scott, Joseph K., 9, Queen Street, Newcastle-on-Tyne (E) Oct. 1887 

Scott, William, c/o Messrs. R. & W. Hawthorn, Leslie, & Co., St. 

Peter's, Newcastle-on-Tyne (E) Nov. 1884 

Scurlock, Thos. Henry, 12, Windsor Road, Barry, near Cardiff ... (S) Oct. 1890 

Seabury, Edward, 40, West India Road, Limehouse, London, E. ... (E) Mar. 1886 

Seaman, C. J., Fairfield, North Stockton-on-Tees (E) Jan. 1889 

Seaton, Albert Edward, Messrs. Karle's Shipbuilding Co., Hull ... (E) Jan. 1891 

Selby, Thomas, 7, Regent Square, Hartlepool (E) Nov. 1891 

Sells, C. Degrave, Comigliano, Ligure, Italy (E) Oct. 1887 

Shand, H., 30, Sanderson Road, Newcastle-on-Tyne (E) Nov. 1884 

Sharman, Geo. Dixon, Deptford Yard, Sunderland (S) Nov. 1893 

Sharp, A. E., 16, Bede Bum Road, Jarrow-on-Tyne (E) Nov. 1884 

Sharp, Mark, 144, Albert Road, Jarrow-on-Tyne (E) Dec. 1889 

Shaw, Jas., c/o Messrs. Hunting & Pattison, Exchange Buildings, 

Quayside, Newcastle-on-Tyne (E) Jan. 1886 

Sheriff, Thomas, c/o Messrs. Robert Mackill & Co., 29, Waterloo 

Street, Glasgow (E) April 1890 

Shevill, W. H., 6, Avenue Terrace, Sunderland (E) Nov. 1884 

Short, J. Y., 49, West Sunniside, Sunderland (S) Nov, 1884 

Short, Jos., 49, West Sunniside, Sunderland (S) Nov. 1884 

Shotton, John W., 32, Mount Stuart Square, Cardiff (SUR) Nov. 1886 

Shute, A. E.. 40, Eldon Street, Greenock, N.B (E) Dec. 1892 

Simpson, Edward, 2, Neptune Road, Wallsend-on-Tyne (S) Dec. 1890 

Sinclair, R., c o Messrs. J. Wildridge & Sinclair, Consulting 

Engineers, 97, Pitt Street, Sydney, N.S.W., Australia ... (C E) Nov. 1884 

Sinton, John K., 26, Sandhill, Newcastle-on-Tyne (E) Nov. 1886 

Sisson, Wm., Gloucester (E It N A) Oct, 1888 

Sisterson, 0. B., Locomotive Department, London and South 

Western Railway, Nine Elms, London, S.W (E) Nov. 1884 

Sivewright, G. W., 5, Radcliffe Terrace, Hartlepool (S) Nov. 1886 

Skinner, Leslie, Ravenslx)urne Terrace, South Shields (S) •!.- . ' ^ x* ,««, 
* ' (.Member, Oct. 1891 

Smith, C. B., 73, Thornton Street, West Hartlepool (E) Nov. 1888 

Smith, Eustace, 5, Queen Street, Newcastle-on-Tyne (S) Nov. 1884 

Smith, John Law, West Hartlepool St«el and Iron Works, West 

liartlepool (I It S M) May 1893 

Smith, L. Eustace, 22, St. Mary's Place, Newcastle-on- ( Graduate, Oct. 1889 

Tyne (E) I Member, Oct. 1892 

Smith, Maiden H., c/o Col. F. J. Smith, R.E., Belmont, Ryde, Isle 

of Wight (S) April 1893 

Smith, R. J., Pier Engine Works, South Dock, Sunderland ... (E) Nov. 1884 

Smith, Thomas, Steam Crane Works, Old Foundry, Rodley, near Leeds (E) Oct. 1888 
Smith, Thomas Edward, Messrs. John Smith & Sons, Newgate 

Street, Newcastle-on-Tyne (E) April 1886 

Smith, Wm., 61, Dock Street East, Sunderland (E) Nov. 1884 



Soliani, Nabor, Sotto Dirczionc Oelle CoBtrazioni Navali del R" 

Caatiere di C>i9tel1amm&re dt Stnbi, Italy 

Bowter. Isaac 0., Cleveland Shiptmilding Co., Cleveland, Ohio, 

Spear, John, c/o Messrs. T. Wilson Jc Sons, Hull 

Spearman, Richard, c/o Messrs. The Jarrow Forge Ic Engineering 

Co., Ld., Jarrow-on-Tyne 

Bpence, W. G., c/o George Clark, Esq., Souttwick Engine Works, 

Snnderland (L'/e if ember) 

Spencer, J. W., Newburn Steel Works, Newburn-on-Tyne 

Stafford, William, Dunston-on-Tyne 

Staiisfield, Geort;c R., 1, Beaconafield St., Wcstoe. South Shields. 
Stephenson, C, 2. Klra Terrace, The Green, Wallsend-on-Ty 
Blcvenson, Wm., fi, West View, Wallsend-on-Tyne 
Stewart, James, 31, Lily Avenue, Jesmond, Newcastle -on -Tyi 
Stirling, Andrew, Jun., 1, Qreenvftle Terrace, Dumbarton ... 
Stirzaker, J. C, 16, Orosvcnor Place, Ncwcastlo-on-Tyne ... 
Stoddart, J. K., Lloyd's Register of Shipping, 3, St. Niehola= 



(E) J 
(E) C 



Btodiiart, 



in^s, NewcaHtle.on-Tyne ... 

■jii, 24, North Mil burn Street, Sunderland (S) ■ 



Stokoo, Thomas W., 32, Scnrboro' Street, West Hartlepool 

Stone, Wm., 13, Roiwlyn Terrace, Sunderland 

Stoncliousc, Anilrcw, Jun 

Strong, Oeorgc Aaron, 87, West Percy Street, North Shields 
Biimmers, James, 114, Grange Road West, Middlesbo rough 
Suratnontliy, Robert Arthur, i, Otterburn Terrace, Newcastle- 

Tyne 

Surtees, Kiancia V., Westboume Street, Stockton-on-Tees... 
Surtees, It., Frame House, Low Teams, Gateshead-on-Tjne 
Swan, A. S., Grove House, Gosforth, Newcastle-on-Tyne ... 
Bwan, Charles Sheriton, c/o Messrs. C. S. Swan & Hunter, 

Wftll-wnd-ou-Tyiie (S) 

Bwan, H. l'\, Sorth Jesmond, Ncwca«tlc-on-Tyne 

Swan, Thomas. Maylicld House, I-cslio. Fiteshire 



... (E) Nov. 


1885 


ds... (E) Mar. 


1S91 


s ... (S) Nov. 


1884 


... CE) Nov. 


1884 


; .. (E) Get. 


1890 


... (E) Feb. 


1883 


... (E) Nov. 


1884 


(E SUR) Oct. 


188S 


Graduate, May 


1885 


Member. Nov. 


1892 


... (S) Dec. 


1883 


Nov, 


. 1884 


... (S) Oct 


1890 


... (E) Dec 


1889 


.:. (E) Mar. 


1889 


... (E) Oct. 


1891 


... (S) Dec. 


1892 


... (E) Nov. 


1884 


... (S)Nov. 


1888 


1 Graduate. Nov, 


1S90 


1 Member, Mar. 


1894 


... (S) Nov. 


1884 
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ELEC1"ED. 

Thompson, John Augustus, 12, London Street, Fen church Street, 

London, E.C (E It N A) Oct. 1892 

Thompson, J. L., North Sands Shipyard, Sunderland (S) Nov. 1884 

Thompson, Robert, North Sands Shipyard, Sunderland (S) Nov. 1884 

Thomson, James, M.A., c/o Messrs. Sir W. G. Armstrong, Mit- 
chell, & Co., Ordnance Works, Elswick, Newcastle-on-Tyne (E It N A) Nov. 1890 

Thorn, W. H., 6, Waterville Terrace, North Shields (E) Nov. 1884 

Thornton, James, Pullington Villa, Cumberland Road, Bristol ... (E) April 1893 

Tinkler, Robert Harrison (E) April 1891 

Tinn, Fred. D., 2, Sunningdale TeiTace, South Shields (E) Nov. 1891 

Tinwell, George, General Gordon Terrace, Sunderland (E) Jan. 1889 

Todd, Surtees, c/o Messrs. R. & W. Hawthorn, Leslie, & Co., 

Hebbum-on-Tyne (S) Nov. 1884 

Todd, Thomas, 19, Billiter Street, London, E.C (E) Nov. 1385 

Tone, John M. F., c/o Messrs. H. S. Edwards & Sons, High /Graduate, April 1885 

Dock, South Shields (E) I Member, Oct. 1887 

Topham, Henry George, 13, Choppington Street, Newcastle-on- 
Tyne (E) May 1891 

Towers, Edward, Jun., 4, Latimer Street, Tynemouth (E) |^ra^«a*e, Nov. 1886 

I Member, Oct. 1888 

Trail, John, 25, Sanderson Road, Jesmond, Newcastle-on-Tyne (M S) Oct. 1892 

Trewent, F. J., 43, Billiter Buildings, Billiter Street, London, 

hi.yy, ... ... ... •.. ... ... ... ... ..' v^y -L^CC. 1004 

Tulip, George, Universities Mission, Lake Nyassa, Central Africa (E) Dec. 1888 

Turner, S. J., 71, Warwick Street, Heaton, Newcastle-on-Tyne ... (E) Mar. 1887 

Twaddell, James L., 2, Edelweiss Terrace, Partick, Glasgow ... (S) Oct. 1891 

Tweddell, R. H., Meopham Court, Gravesend, London (E) Jan. 1885 

Tweedy, J., Neptune Works, Walker-on-Tyne (E) Nov. 1884 

Twigden, George J., c/o Messrs. Hick Bros., Mount Stuart Square, 

Cardiff (E) Jan. 1890 

Tyzack, George, Dean Street, South Shields (E) April 1888 

U. 

Ullstrom, Otto, Messrs. Crompton, Ullstrom, & Crompton, 19, 

Gracechurch Street, London, E.C (S) Nov. 1884 

Ulm, John, The Arsenal, Pola, Austria (E) Nov. 1886 

V. 

Vianson, N. E., vid Galeazzo Alessi 6 into 1, Genoa, Italy ^ (E) Dec. 1885 

Vick, R. W., Messrs. E. Withy Sc Co., We^t Hartlepool (S) Nov. 1888 

Vivct, Leon, 12, Rue de Seine, Paris (N A) Nov. 1892 

W. 

Wadagaki,Yasuzo, Naval Dockyard, Yokosuka, Japan (E) Jan. 1891 

Wailes, E. F., 4, St. Nicholas' Buildings, Newcastlo-on-Tyne ... (N A) Nov. 1884 

Wailes, T. W., Mount Stuart Dry Docks, Cardiff (E ^ S) Oct. 1887 

Wait, Thomas Herbert, CaiPs Buildings, Quayside, Newcastle-on- 
Tyne ...(C E) Dec. 1893 

Wake, Tom, Church Walk, Hartlepool (E) April 1892 

Walker, Archibald, Elizafield House, North Fort Street, Leith, N.B. (E) April 1887 
Walker, Henry, 11, Oxford Terrace, Gateshead-on-Tyne (E E) Feb. 1893 
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Walker, Jobti, c/o Messrs. H. BUphoDJon k Cki., Limited, Soath 

Street, Newcastle-OD-Tyne (E Ir S) 

Wallau, J., c/o Messrs. Black, Hawthorn, k. Co., Gateehead-ou-Tfue (E) 

Walliker, J. F., Lloyd's Uugister of Shipping, Bute Docks, Cardiff 

WaUU, Koliert, Toint Pleasant Houae, WallBeud-oQ-Tyne 

Walter, Max, 120b, Smidtstr, Biemerhaven 

Walton, J. G., 26, Fenchurch Street, London, E.C 

WaltoD, Samuel, 34, Pollard Street, South Shields 

Warburton, J., 19, Lome Terrace, Sunderland 

Ward, John, c/o Mcssre. W. Denny & Bros., Dumbarton 

Ward, Mark Jl., 7fi, Church Street, West Hartlepool 

Wardale, Henry, 6, Collingwood Terrace, Qateshead-on-Tyne 

Watt, Robert B., c/o Messrs. Bayltoii Uixon & Co., Uiddlesboiough 

Watts, Philip, Klawick Shipyard, Nowoastle-on-Tyne 

Waugh, G. W., 6, Grosvcnor Place, North Shields 

Weatbcrall, J., CjO Messrs. Naval Construction & Armaments /Graduate, 
Co., Barrow-iu-Famess (E) \Member, 

Weidemann, Nils, Det-Norske Veritas, Christiaoia, Norway ...(SUR) 

Weighton, K. L., H.A., Durham College of Science, Barras Bridge, 

Nowcastle-on-Tyne (E) 

Weir, John, c/o Messrs. J. Scott k Co., Abden Works, King- 
horn, N.B (E) 

Weir, William, c/o Heasts. Wigham Kichardson II Co., Walker- 

on-Tyne (E) 

Wclton, J. J., 12, Uendon Valley Itoad, Sunderland (E) 

West, Henry H., U, Castle Street, Liverpool (E li N A) 

Westgarth, Tom, Messrs. Westgarth, English, & Co., Middleeboroogh (E) 

WcBtmacott, Alfreii, Bcuwell Hill, Sewcaatle-on-Tyne (E) | '^■'aduate, 
1 Member, 

Westmacott, P. G. B., Beuwell Hill, Newcastle-on-Tjne (E) 

Wheeler, Oswald, c/o Meaara. Asliwall &, Neshitt, Victoria i Graduate, 

Foundry, Sycamore Lane, Leicester (E) (Member, 

White, C, 13, Moaley Street, Ne»-casllc-oii-Tyue (E) 

While, KrneBl T., I«, Abbey Terrace, Galcsliead-on-Tjne (Ej [ '^™i«»'«. 

( Member, 



Nov. 1891 
Nor. ISM 
Not. 1866 
April 1S91 
Feb. ISWS 
Not. 1881 
Dec. 1893 
Nor. 1884 
Dec. 1891 
Dec. 18»3 



Feb. 1888 
April 1888 
Not. 1886 
May 1885 
Oct. 1885 
Oct. 188T 
Jan. 1892 

Not. 1884 



Not. 1889 
Nov. 1893 
Oct. 1886 
Oct. 1886 
Dec. 1885 
Not. 1892 
Not. 1884 
Oct. 1886 
Oct. 1892 
Not. 1884 
May 1889 
Jon. 1894 
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Wortley, Henry B., 23, Bedford Road, Rock Ferry, Birken- j Graduate, Jan. 1886 

head (S) < Member, Nov. 1892 

Wotherspoon, K., Board of Trade Offices, West Hartlepool (E SUR) April 1889 
Wright, R., 5, Hawthorn Terrace, Newcastle-on-Tyne (E) Nov, 1884 

Y. 

Young, Andrew, 70, Falmouth Road, Heaton, Newcastle-on- j Graduate, Feb. 1892 

Tyne (S) ' Member, May 1893 

Young, J. Denholm, 11, Grange Crescent, Sunderland (E) Oct. 1888 

Younger, R., Elmire House, Heaton, Newcastle-on-Tyne (E) Nov. 1884 

Z. 

Zeeman, J. H., c/o Messrs. The Maas Co., Rotterdam (S) Oct. 1889 



ASSOCIATES. 

A. 

Adam, John B., Osborne Terrace, Newcastle-on-Tyne (O) Nov. 1893 

Anderson, Daniel G., Burnaby Lodge, Ryton-on-Tyne (A) Nov. 1893 

Armstrong, S., 14, Victoria Place, Hartlepool (A) Nov. 1888 

B. 

Bacon, William Charles, Chadwick House, West Hartlepool ... (S O) Dec. 1890 
Barklam, George, 167, Dudley Fort, Tipton, StaflEordshire ... (A) April 1888 

Barr, John Smith, 6, Mosley Street, Newcastle-on-Tyne (A) Nov. 1893 

Barraclough, Thomas, West Hartlepool Steam Navigation Co., 

West Hartlepool (SO) Dec. 1890 

Barwick, J. S., Ashbrook Grange, Sunderland (SO) Nov. 1884 

Bell, John Henry, 39, Albert Diive, Pollockshields, Glasgow (III S M) Oct. 1887 

Beynon, Thomas, 9, Dean Street, Newcastle-on-Tyne (E A) Oct. 1891 

Bigge, C. W., Northern Counties Club, Newcastle-on-Tyne ... (A) Dec. 1889 

Blacklin, Richard James, Dinsdale House, Brougham Terrace, 

West Hartlepool (SO) Dec. 1890 

Branfoot, W. J., Messrs. Tyzack Sl Branfoot, 18, John Street, 

Sunderland (S O) Dec. 1887 

Briggs, R. S., Moorlands, Sunderland (SO) Dec. 1886 

Brims, 1). N., 4, St. Nicholas' Buildings, Newcastle-on-Tyne ... (C) Nov. 1893 

Brunton, John, 3, Prior's Terrace, Tynemouth (S O) Oct. 1886 

BuUen, Tempest C, c/o Messrs. H. E. Moss & Co., K, Exchange 

Buildings, Newcastle-on-Tyne (S O) Nov. 1891 

C. 

Camegy, Robert B., Kimberley Club, Kimberley, South Africa ... (A) Oct. 1891 
Carr, Ralph, Thomleigh, Clayton Road, Newcastle-on-Tyne (A |» S O) Nov. 1886 
Cassap, William, 15, East Field Road, Walthamstow, Essex ...(SUR) Feb. 1890 

Caws, Frank, 22, Fawcett Street, Sunderland (C E) Oct. 1892 

Cohan, Edward Asher, 2, Rumford Place, Liverpool (SO) Nov. 1889 

Common. Francis James, 5, Elms West, Sunderland ... (I Ic S M) Oct. 1887 
Conner, L. B., Exchange, West Hartlepool (S O) Jan. 1891 



Cooper, dutrles, Average Adjuster, Wellington Road, West 

Hartlepool (A A) April 1893 

Corbitt, Michael, 1, Abbotaford Terrace, Newcastle-on-Tyne ... (H M) Jan. 1890 

Coull, John, 43, Stanley Street West, North Shields (S O) Oct, 1886 

Covcrdale, B. H., Hessra. J. Coverdale & Sons, Steamship Owners, 

Weat Hartlepool (SO) Nov. 1888 

Crosier, Edward James, 3, The Hawthorns, East Boldon (A) Oct. 1889 

Calliford, J. E. W., 15, West Sanniside, Sunderland (S O) Nor. 1881 



Dodds, A. P., 13, Dean Street, Newcastle-on-Tyne (A) Jan, 1889 

Doddg,E. F., 36, Side.Newcastle-on-Tjno (A) Nov. 1893 

Dodds, John B., SS, Side, Newoaatle-on-Tyne (CHEM) Oct. 1888 

Dove, Edward John, B, St. Nicholas' Buildings, Newcastle-on-Tyne Oct. 1890 



Eccles, Edward, Royal Insurance Buildings, Queen Street, New- 
castle-on-Tyne (ii/u J*»uc/a(e) <SO) Oct, 1887 

F. 
Fumess, Christopher, M, P., Victoria Terrace, West Hartlepool ...(SO) Oct. 1888 



Gamett, William, LL.D., 13, Spring Gardens, London, 8.W. 
Qraham, Frank, Bank Chamlters, Moslcy Street, Newcastle-oi 

Tyne 

Oreeawell, ThoB. Q., Sunderland 

H. 
Hardy, John, Jun., Brunswick Street, West Hartlepool 
Uarlaad, George, 1, Westoe Crescent, South Shields 

Hedley, John H., 10, Esplanade West, Sunderland 

Henzell, Robert, Northern Oil Works, Close, Newcaatle-oi 

(ii/e AMOciate) 



Jan. 1889 



. (E A) Nov. 1891 
.(SO) Dec. 1886 



... (I M) Not. 1893 

(A) Dec. 1888 

... (S) Dec. 1886 
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SLSCTKD. 



K. 

Eerr, James, 18, Azalea Terrace South, Sanderland (A) Jan. 1888 

L. 
Lennard, William, c/o Messrs. J. M, Lennard & Sons, Middles- 
borough (S) Dec. 1891 

Lockie, John, 4, Sanderson Road, West Jesmond, Newcastle-on- 

^jrUc ••• ••• ••• ••• ••• ••• ••• ••■ •••( w V^ J KJCvm XO«7^ 

Loveridge, W. H., Albert Terrace, West Hartlepool (I It S M) Oct. 1888 

M. 

Macarthy, George E., 9, Dean Street, Newcastle-on-Tyne (S O) Oct. 1887 

Matthiesscn, P. H., 25, Queen Street, Ncwcastle-on-Tyne (S O) Oct. 1888 

Maughan, Thos., Jun., Hollyficld House, Sorley Street, Sunderland (A) No 7. 1893 

Maughan, William, 13, Mosley Street, Ncwcastle-on-Tyne (A) Feb. 1887 

Mcintosh, R. Y., 53, Quayside, Newcastle-on-Tyne (E A) Nov. 1891 

Mclntyre, John, 3, Abbotsfonl Terrace, Newcastle-on-Tyne ... (S O) Jan. 1885 
McNabb, Thos., Gail's Buildings, Quayside, Newcastle-on-Tyne ...(SO) Nov, 1886 

Metcalf, Thomas, 18, John Street, Sunderland (SUR) Jan. 1888 

Milbum, J. D., Queen Street, Newcastle-on-Tyne (S O) Nov. 1884 

Miller, T. R., 9, Great St. Helen's, London, E.C (A It S O) Nov. 1884 

Mitcalfe, John Stanley, Chairman of Northern Maritime Insurance 

Co., Maritime Buildings, Newcastle-on-Tyne (A It S O) Jan. 1892 

Muir, James, 2, Dingle Lane, Liverpool (M S) Nov. 1893 

Mulherion, G. F., 13, Argyle Street, Tynemouth .., (A) Nov. 1884 

Muller, J. C. F., 28, Vieille Route, Antwerp (SUR) Feb. 1890 

Murray, Matthew, The Green, Wallsend-on-Tyne (A) Nov. 1893 

N. 

Newby, S., c/o Messrs. Thomson & Newby, Edinburgh Chambers, 

41, Fawcett Street, Sunderland (I It S M)Nov. 1884 

Nicholson, John, 7, Side, Newcastle-on-Tyne (M S) Nov. 1890 

Nicol, Andrew, 22, Grosvenor Road, Jesmond, Newcastle-on-Tyne (S) Oct. 1891 

0. 

0'Hagan,James, St. Nazaire-sur-Loire, France (A) Oct. 1888 

Olscn, Hans Benedick, 70, Church Street, West Hartleixwl ...(SO) Mar. 1893 
Osboume, Jas., 11, The Oaks, Sunderland (S) Jan. 1885 

P. 

Panton, Hugh, 38, Fawcett Street, Sunderland (I It S M) Nov. 1887 

Patterson, Thos., 2, The Elms, Sunderland (S) Jan. 1885 

Perry, Edwin, Queen Street, Newcastle-on-Tyne (A) Nov. 1886 

PettersoD, William, 7, Haldane Tenace, Jesmond, Newcastle-on- 
Tyne (O) Nov. 1893 

Phalp, Oliver, A Imora, 37, Richmond Road, Cardiff (SUR) Feb. 1889 

Pinkney, Thomas, 3, Ashbrook Terrace, Sunderland (SO) Dec. 1886 

Pirrie, Itobert Reid, Baltic Chambers, Quayside, Newcastlc-on-Tyne (S O) Dec. 1889 
Proctor, J. H., 11, Went worth Place, Newcastle-on-Tyne (I M) Nov. 1893 



Badlofi, Captain 0., Marine Su|>erii](«Ddent, Baraiau Volimteer 
Fleet Committee, 14, Catherine Canal, St. Fctersbnrg, 

Busaia (M S) Nov. 1 

Bamsay, J. W., 13, Sorthbrook Road, Lee, Kent (A) Feb. 1 

Beichwald, A., Lombard Street, Newcastle-on-Tjne (A) Nov. 1 

Beid, Andrew, frinter, Akenside Hill, Ncwcastlc-on-TTne ... Hov. 1 

Benwick, Q., Hessre. Fisher, Benwick, & Cu., Queen Street, 

Newcaatle-on-Tjne (S O) Nov. I 

Bickinwin, John, 9, Chureh Street, West Hartlepool (S O) Not. 1 

Bobeon, Frederick, 46, Dean Street, Newcastle-on-Tyne ... (S I M) Oct. 1. 

UobBun, Thos., Cauaewaj House, Sunderland (S O) Not. 1: 

Buncicman, John Finle;, 38, Larkspur Terrace, Jesmond, New- 

castle-on-Tyno (M S) Not. 11 



Scbolcfield, A., 17, Samihill, Ncweastle-on-Tyne (S O) Nov. 188^ 

Scott, W. H., Mwwm. Seott Brothers, Dean St., Newcaatle-on-Tyne (S O) Not. 

SnowUciQ, W. F.. 32, Side, Newcaatle-on-Tyno (E A> Dec. 1886 

Squance, J. W., 13, Tho Avenue, Sunderland (M S) April 1888 

Swan, Isaac J., Onjvo IIouho, Uosfurth, Kewcastle-on-Tyne ... (S O) Feb. 1888 

T. 

Tate, Arthur, Hank Cluimberii, Sandhill, Newcastle -on- Tyne ... (O) Not. 1893 

Thum[>i«>n, V. T., llalMc^ Chandlers, Sunderland (S O) Dec. 1886 

Towers, Udwnrd, 4, Liilluier Btruut, TyuemoDtb (A) Oct. 18S3 



Wait, James, Maritime HuiMint's, Kinfj Street, Newcnatle-on-Tyne (S O) Not. 1884 

Wail, Julm, TU, ItivtiuliU)!! Bund, Kuulh Shields (A) Oct. 1891 

Walker, Jam<a, c/o Messrs. UilehrisI, Walker, k Co., ConsUntinoplo (S O) Mar, 1894 
Wallace, Wm., 27, South Scarlioruufli Street, West Hartlepool ... (A) Oct. 1888 

Ward, Joaepb, Boschill. Howilon-on-Tync (A) Not. 1886 

Watson, Thomas W., OUhara Honso, Hartlepool (M S) Nov, 199C 

1 Vvh. m 
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B. 

Baker, Ernest, 44, Lovalne Place, Newcastle-on-Tyne (E) Nov. 1892 

Barbour, John, 1, Logan Terrace, South Shields (E) Nov. 1890 

Beale, Harry, Otterburn Villas, Newcastle-on-Tyne (S) Jan. 1891 

Beilby, Norman Harry, 27, Eldon Square, Newcastle-on-Tyne ... (E) Dec. 1893 

Bent, John Bradbury, 74, Rye Hill, Newcastle-on-Tyne (E E) May 1894 

Bentham, Frederick Lister, 9, Bellegrove Terrace, Newcastle-on- 
Tyne (E) Dec. 1892 

Bilbrough, Kenneth L., 60, Lovaine Place, Newcastle-on-Tyne ... (E) Nov. 1891 
Boswell, Cecil Robert, Northumberland Engine Works, Wallsend- 

on-Tyne (E) Nov. 1893 

Bowden, John, Sheriff Mount, Gateshead-on-Tyne (E) Jan. 1894 

Brodin, Olof, Ecfle, Sweden (S) Mar. 1890 

Bryers, Charles, 10, The Avenue, Sunderland (E) Dec. 1892 

Bulmer, Frederick Charles, 1, Graingerville North, Newcastle-on- 
Tyne (E) May 1894 

Bulmer, Septimus, 1, Graingerville North, Newcastle-on-Tyne ... (E) May 1894 

Burn, Donald B.,7, The Elms West, Sunderland (S) Nov. 1893 

Burnett, Jacob Edward, 10, Prior's Terrace, Tynemouth (E) Oct. 1891 

C. 

Cadman, C. C, 21, Shieldfield Green, Newcastle-on-Tyne (E) Nov. 1891 

Calvert, T. Horsfall, 4, South Crescent, Hartlepool (E) Nov. 1891 

Carpmael, Richard Herbert, 12, Grove Street, Newcastle-on-Tyne (E) Jan. 1893 

Carr, Ralph, Jun., Thorn leigh, Clayton Road, Newcastle-on-Tyne (E) Jan. 1894 

Carter, Thomas, Jun., Belle Vue Park, Sunderland (E) Nov. 1891 

Coatsworth, George S., 1, Humbleton View, Sunderland (E) Nov. 1891 

Coopor, Sidney, 14, Northgate, Hartlepool (E) Nov. 1891 

Coull, Alex. B., 43, Stanley Street W., North Shields (E) Feb. 1887 

Cowell, Richard E., Montpellier, Sunderland (E) Dec, 1893 

Crawford, J. F., c/o John Dickinson, Esq., Palmer's Hill Engine 

Works, Sunderland (E) Nov. 1893 

Crawhall, Henry F., 58, Westmoreland Road, Newcastle-on-Tyne (E E) May 1894 

D. 

Davis, James Albert, 4, Dickinson Crescent, Gosforth, Newcastle- 
on-Tyne .. ... ... ... ... ... ... ... (S) Dec. 1892 

Davison, William H. G., 49, Sanderson Road, West Jesmond, 

Newcastle-on-Tyne (E) Dec. 1892 

Dobson, Henry James, c/o Messrs. William Dobson & Co., Walkcr- 

on-Tyne, R.8.0 (8) Oct. 1891 

Donovan, John, 5, Ash Place, Sunderland (E) Dec. 1892 

Dnckitt, J. Brentnall, Leases Gate Villa, Spital Tongues, New- 
castle-on-Tyne (E E) Oct. 1888 

Duckitt, Talbot, Leazes Gate Villa, Spital Tongues, Newcastle- 
on-Tyne ... ... ... ... (E E) Oct. 1891 

E. 

EdminsoD, Frank A., Otterburn Villas, Newcastle-on-Tyne ... (S) Nov, 1893 



F. 

Fairbnirn, Jas,, 54, Ambcrlcj Street, Sunderland 

Finch, Herbert K., c/o Messrs. Ulainscougb Colliery Co., Coppull, 

Lancashire 

Ford, Hugh M. , 23, Lovaino Crescent, Ncwengtle-on-Tyuo 
Foi-Btor, Alfrial L., 2, Shattosburj Plnce, UateBhoad^n-Tyne 
FotBtcr, Edgar S., 2, Shaftesbury Terrace, aateshoad-on-Tyne ... 

I'orater, L. P., 23, Lo»aiae Oreecotit, Newcastle -on-Tyne 

G. 

Oainc, Koger L., 63, Harrison Street, Barrow-in-Furness 

tlibaon, Joseph H., c/o Messes. Laird Bros., Birkenhead 

liilnuu, riiumoB, 1C2, Uuker Avenue, Monkwearmouth, Sunderhind 
Uolledt'e, W., 74, UyoHill, Newcastle-on-Tyne 

H. 

iliiiiiilluii, llobert C, 2, Bene Crescent, Wnlkor-on-Tyue, R.8.O.... (E) Deo. 1892 

Hardy, Arlhur, 6, Warwick Place, Ncwcastle-on-Tjne ... ... (E) Dec. 1892 

Hewiit, Juliii, 2'}, iiolly Street, Jatrow-on-Tyne (S) Nov. 1890 

Hmchliffu, Itobert, 25, Hawlhurn Street, Ncwcastie-on-Tyne ... (S) Nov. 18lt3 

JlugbuB, Thomas C., 3, Suuimcrliill Street, McwcastleKin-TyDe ... (E) Hot. 1893 

J. 

Janiic!!o]i, Jas. L. A., 20, AichbolJ Terrace, Newcastle-on-Tyne ... (E) Nov. 1893 

JaiiiiiLiKH, l''iiiiik, 0, South Terrace, Southwick, Sunderland ... (E) Mar. 1892 

Jepsuii, lloiiry, ;il, St. Mary's Place, No wcastic-on-Tyjie (E) Nov. 1893 

Jobiiiujii, Alint"oii, 22, Camden Street, Suuthwick, Sunderland ... (E) Mar. 1892 



(E) May 1885 

(E) Dec 1888 
(E) Nov. 1893 
(E) Nov. 1891 
(E) Jan. 1894 . 
(E) Nov. 1893 



(E) Dec 1887 
(E) Apnl 1891 
(E) Nov. 1898 
(E) Not. 1891 



Keen, Harry Bernard, 6, Bcauclere Terrace, Sunderland 

KenJicily, Robert Sinclair, G, Winifrci Terrace, Sunderland 
Hcrr, William, c/o Mosais. J. & G. Tliompson * Co., Clydebank, 

Clnsgow 

Kitcbin, Arnold, I, York Place, East Hartlepool 



(S) Dec. 1889 
(E) April 1893 



(S) Oct. 1891 
(E) Dec 1892 
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N. 

Nichol, Bryce Gray, 35, Leazes Terrace, Newcastle-on-Tyne ... (E) Oct. 1891 
Nicholson, James Henry, 30, Azalea Terrace South, Sunderland ... (E) Mar. 1892 



P. 

Pattison, Matthew Bobson, 14, Larabton Street, Sunderland ... (E) Mar. 1891 

Pearce, Standen L., 42, Milton Street, West Hartlepool (E) Dec. 1893 

Pearson, James, 10, Beech Grove Road, Newcastle on-Tyne ... (S) Nov. 1893 

Pendred, L. St. L., 100, Westmoreland Road, Newcastle-on-Tyne (E) Mar. 1894 

Pettit, Arthur Edward, Oatlands Park, Weybridge (E) Dec. 1892 

Phillips, John Fre<lerick, 33, Tower Wall, East Hartlepool ... (E) Oct. 1892 



R. 

Raincock, Walter, c/o Mrs. Ewart, 8, Washington Terrace, North 

Shields (N A) Dec. 1893 

Rappoport, Fred. G., 6, North View, Heaton, Newcastle-on-Tyne... (E) Mar. 1894 

Reid, John Robert, 25, Derwent Street, Sunderland (E) Nov. 1892 

Rickaby, Augustine, Bloomfield Engine Works, Monkwearmouth, 

Sunderland (E) Nov. 1885 

Rishton, C. William, 17, Denmark Street, Gateshead-on-Tyne ... (E) Nov. 1893 

Robinson, Charles C, Ingleside, North Shields (E) Dec. 1893 



S. 

Scott, Joseph, 49, Leazes Terrace, Newcastle-on-Tyne (E) Dec. 1891 

Sliilstone, Victor G., 14, Wentworth Place, Newcastle-on-Tyne ... (N A) Nov. 1891 
Short, Thomas Smart, c/o Messrs. Short Brothers, Pallion. 

Sunderland (S Oct. 1892 

Simpson, Kenneth, 33,^orth View, Heaton, Newcastle-on-Tyne ... (S) Dec. 1893 
Smith, William S., West Villa, The Green, Wallsend-on-Tyne ... (S) Dec. 1893 
Spencer, Harry John, 3, Victoria Street, Newcastle-on-Tyne ... (E) Dec. 1892 
Spours, William, lOfi, Addison Road, Ileaton, Newcastle-on-Tyne (E) Nov. 1891 
Squire, Charles E., Arnside House, Grosveuor Road, Newcastle-on- 
Tyne (E E) Nov, 1893 

Stanger, Thomas W., 38, Addiqon Road, Heaton, Newcastle-on-Tyne (E) Jan. 1 892 

Stephens, Henry C. J., 99, Dagnall Park, Selhurst, London, S.E.... (E) Oct. 1890 
Stephenson, Robert, c/o Messrs. Robt. Stephenson Sc Co., Limited, 

Newcastle-on-Tyne (E) Mar. 1894 

Summeraon, Benjamin, Dene Crescent, Walker-on-Tyne, R.S.O. ... (E) Dec. 1892 

Swan, George, Giove House, Gosforth, Newcastle-on-Tyne ... (E) Mar. 1894 



T. 

Taylor, M., c/o Messrs. Barclay, Curie, Sl Co., Shipbuilders, White- 
inch, near Glasgow (S) Feb. 1889 

Thomas, Harold, 6, St. John's Road, Stockton-on-Tees (S) Dec. 1893 

Tbornley, Thomas W., 58, St. Luke's Terrace, Pallion, Sunderland (E) Mar. 1894 
Tweddell, G. H., 26, Grove Street, Newcastle-on-Tyne (E E) May 1894 



Wa'ieham, John F., 50, De Grey Stfeot, NewcMtle-on-Tyne 
Walker, Uariu Knoi, c/o lieaan. E. Scott, Moaiitain, Jt Co., The 

Cluee, Newcastle-on-Tyne 

Warburton, John A., 16, Nelson Street, Sunderland 

Watflon. Arthur C, 7, Thornhill Terroce, Sunderland 

Wkwn, T. Noel, 6, Belle Vae, Sunderland 

Wedgewood, JoBiah Clement 

Weightman, ThomaB, 179, Portland lioad, Newoastle-on-Tync 

Wight, Henry Dewair 

Wilkin, E meat Viyian, 16, Chester Crescent. Sewcastle-on-Tyne 

Willcoi, Eeginaid J. N., The Oaks West, Sunderlami (E) 

Wilson, John E. P.. BoBcworth Tower,GoBforrh, Ncwcastle-ori-Tyne (E) 
Wood, John Scott, (1, Kslingtoii Terrace, Ne wcaa tie-on -Tjno ... (S) 



(S) 

(S) 

.. CE E) 

(E) 



Mar. 1894 
Not. 1891 
Nor. 1893 
April 1891 
Dec. IH93 
Oct. 1891 
Nor, 1893 
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THE NORTH-EAST COAST INSTITUTION 

OP 

ENGINEERS AND SHIPBUILDERS. 



(Tonetitutton and Bi^e^lavoe, 

Adopted at a General Meeting on the 4th March, 1885. 

Revised at the Closing Business Meeting held on May 4th, 1887. 

Re-Revised at the Closing Business Meetings held on 
May 9th, 1888, May 13th, 1889, and May 11th, 1891. 



CONSTITUTION. 

I. — The Namb of the Association is "The North-East Coast Name. 
Institution of Engineers and Shipbuilders." 

II. — The Objects for which the Institution is established objects. 
are : — The advancement of the science and practice of Engineer- 
ing and Shipbuilding, and the interchange of ideas and informa- 
tion amongst its members, by means of meetings for the reading 
and discussion of papers relating thereto, and placing on record 
its transactions. 

III. — The Institution shall consist of Honorary Members, 
Members, Associates, and Grraduates. 

IV. — Honorary Members shall be such distinguished Honorary 

^ Members. 

persons as the Council may elect. 

V. — Members shall be Principals or Principal Managers Members. 
engaged in Engineering or Shipbuilding ; Civil, Military, or 
Mining Engineers, or Naval Architects ; whose subscription 
shall be Two Guineas per annum : and other persons engaged in 
the above professions ; whose subscription shall be One Guinea 
per annum. 

VI. — Associates shall be such persons as are not strictly Associates. 
Engineers or Shipbuilders, but are connected with or interested 
in such pursuits, and are deemed by the Council to be eligible 
for Associate membership. Their subscription shall be One 
Guinea per annum. 
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VII. — Graduates ma7 be peraona under tweDty-fonr yeara 

of age, engaged in study or employment to qualify themaelves 
for any of the above professions. Their subscription shall be 
Half-a-Guinea per annum. 

VIII. — Any Member may become a Lipk Mbhber by a 
single payment of Twenty (lnincas, or any AssoorATE may 
become a Life Associate by a single payment of Ten 
Guineas. 

IX.— The Officers of the Institution shall be elected from 
and by the Members, and shall consist of one President, the 
Past- Presidents, nine Vice-Presidents, fifteen Gouncilmen, and 
an Honorary Treasurer. 

X. — The President and Honorary Treasurer shall be elected 
annually. Three Vice-Presidents and five Conncilnien shall be 
elected annually. The retiring Vice-Prcsidento and Gouncilmen 
shall be those who have served three years from their last 
election. 

The President shall be eligible for re-election for a second 
year ; should he be re-elected he shall retire at the conclusion of 
his second year of office, and shall not ^ain be ehgible until 
after an interval of one year. 

The retiring Vice-Presidents shall be eligible for re-election. 
The retiring Gouncilmen shall not be eligible for re-election to 
the same office until after an interval of one year, bnt shall be 
eligible for election to any other office. 

The Honorary Treasurer shall be eligible for re-election 
anunally, or for election to any other office. 
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tionB; they shall also receive copies of the Transactions, but 
shall not sign proposals for new members, vote, nor be eligible 
for oflSce. 

XV.— The General Meetings of the Institution shall be held gp^^Sk 
during the winter season of each year. 

Note. — WTien the word Member is initialled with a capital letter it 
signifies a member under paragraphs IV. and V., but when initialled with a 
small letter, it signifies a member of any class of the Institution membership. 



BYE-LAWS. 

Revised at the Closing Busirtess Meetings held on May ith, 1887, 
May 13th, 1889, and May llth, 1891. 



MEMBERSHIP. 

1. — Every candidate for admission as a Member, Associate, oandidateefor 

Admiasion. 

or Graduate shall be proposed and recommended according to 
the Form A in the Appendix, in which form the name, usual 
residence or the place of business, the qualification for, and pro- 
posed class of membership of the candidate shall be distinctly 
specified. Proposals for Graduates must give the date of, and 
age, last birthday. 

The form shall be signed by a Member or Associate of the 
Institution, as proposer, and by at least other three Members or 
Associates as supporters, certifying a personal knowledge of the 
candidate. 

The proposal so made shall be submitted to the Council, 
when, if it be approved, the Chairman shall sign the approba- 
tion, which shall be Inserted in the notice calhng the next 
General Meeting, when the candidate shall be balloted for, and 
shall be accepted if three-fourths of the votes are favourable. 

2. — Graduates desirous of becoming Members shall be pro- Smiig Members. 
posed and recommended according to the Form B in the 
Appendix. 

The proposal so made shall be submitted to the Council, who 
shall agree to or reject it. 

8.— The balloting for membership shall be conducted in the gffiSJ'°' 
following manner : — Each member shall be supplied by post with 
a list of the names of the candidates, according to the Form C 
in the Appendix, and shall strike out the names of such can- 
didates as he desires shall not be elected. These lists may be 
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Candidates to 
receive Notice of 
Election. 



Bejection of 
Oandidatea. 



Subacriptions 
payable in 
Advance. 



Receipt of 
Subscription. 



Questions of 
rriTilege. 



Arrears of 
Subscriptions. 



Power of Council 
to remove Name 
from List of 
members. 



returned to the Secretary by post, or may be deposited in the 
ballot-box by the voter in person on entering a meeting at which 
an election is to take place. The ballot-box will be closed at 
ten minutes after the advertised time of meeting. The lists 
shall then be handed over to the Chairman, who shall appoint 
two Scrutineers to examine them, after which examination the 
Chairman shall inform the meeting of the result. 

4. — Notice of Election as a member shall be sent to the can- 
didate within one week after his election, according to the Form 
D in the Appendix ; but his name shall not be added to the list 
of Members, Associates, or Graduates of the Institution, until 
he shall have paid his first annual subscription. 

5. — In case of rejection of the candidate, no mention thereof 
shall be made in the minutes, nor shall any notice be given to 
the unsuccessful candidate. 

6. — All subscriptions shall be payable in advance, and shall 
become due on the Ist of June each year. Any Member, 
Associate, or Graduate, wishing to retire from the Institution 
shall continue to be liable for his annual subscription until he 
shall have given formal notice of his retirement to the Secretary, 
which notice must be given on or before the 81st of August in 
each year. Application for membership may be made at any 
time during a Session, and the subscription shall cover the 
membership up to the 1st of June following. 

7. — On payment of each subscription the Secretary shall 
forward to the member an official receipt. 

8. — On question of privilege. — Any person who may be un- 
known in the meeting shall only be able to claim the privilege 
in question on proving his membership for the current Session. 

9. — Any member whose subscription is one year in arrear 
shall be reported to the Council, who shall direct application to 
be made for it, according to Form E in the Appendix ; and in 
the event of its continuing in arrear until the end of that 
Session after such application, the Council shall have the power, 
after remonstrance by letter, according to the Form F in the 
Appendix, of declaring that the defaulter has ceased to be a 
member. 

10. — The Council may refuse to continue to receive the sub- 
scriptions of any member who shall have wittingly acted in 
contravention of the Regulations of the Institution, or who shall, 
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in the opinion of the Council, have been guilty of such conduct 
as shall have rendered him unfit to continue his membership ; 
and the Council may remove his name from the list of members : 
and such person shall thereupon cease to be a member of the 
Institution. Notice of such action of the Council shall be for- 
warded to the person in question, in accordance with the Form 
G in the Appendix. The reason for such action of the Council 
shall not be stated to the person expelled, without the sanction 
of the Council. 

OFFICERS. 

11. — The Annual Election of Officers shall be conducted in Election of 
the following manner : — The Council shall meet in March or 
April, and shall arrange a Ust of nominations, in accordance 
with the Form H in the Appendix. Such list shall be presented 
at the General Meeting immediately preceding the last General 
Meeting of the Session, and any Member present shall be at 
liberty to nominate additional Members. The list shall show 
who remain in office throughout the Council, and who are 
retiring. It shall nominate new names in the place of the 
retiring Members, and the number of nominations shall be 
one in excess of the number required in each section of the 
Council. A copy of this ballot list shall be forwarded to each • 
Member and Associate, together with a complete list of Mem- 
bers, to be filled in, in accordance with the instructions printed 
in the ballot form, and to be returned to the Secretary, to be 
opened in the presence of the Council, at a Council Meeting 
which shall be held in April or*May, when the scrutiny and 
counting shall be carried out by the Council. Any Member in 
voting shall be at liberty to erase any name or names from the 
list and substitute the names of any other person or persons 
eligible for each respective office other than those already placed 
on the ballot list by the Council and Members of the Institution. 

Any voting paper returning either more or less than one 
President, six Vice-Presidents, one Honorary Treasurer, and 
fifteen Coundlmen, shall be disqualified for the section or sections 
in which such errors occur, and the votes shall be lost for the 
said section or sections. The votes given as President, to a 
Member who is not elected President, shall count to him as a 
Vice-President ; the votes given as Vice-President, or Treasurer, 



I 



HI 



to perBons not bo elected, ahall count to them as Oonncilmen, 

unless they have just comploted a term of office in sncb capacity. 
The voting list shall not be sent to any Member and 
Asaociatc whose Bubscriptions are more than one year in arrear ; 
nor ahall any Member be nominated on the list. For this 
purpose, the Secretary shall prepare, previoualy to the meeting 
of Council, a list of those Members whose Bubscriptione are more 
than one year in arrears. 

12. — The result of the ballot for Officers shall be declared at 
the General Meeting, to be held in May, at which meetinj^ 
general business shall be transacted. As the May General 
Meeting the newly-elected Officers, after being declared, shall 
enter into office; and this shall be the last meeting of the Session. 
18. — The Council shall have power to supply any casnal 
vacancy within itself (including any casual vacjincy in the office 
of President), which shall occur between one May Meeting and 
another ; and the Officers so appointed shall retire when the 
person whose place they fill would have retired. Vacancies not 
filled op during the year shall be filled at the General Election. 

GENERAL MEETINGS 

14. — The Annual General Meeting shall takt- place in October, 
and shall be held in Newcastle. The Ordinary Meetings shall 
take place in the eocond week in each following month during 
the Session, unless otherwise arranged by the Council, and at 
such hours and places as the Council may detennine. 

1 5. — Seven clear days' notice of every General Meeting, Ordin- 




liii 



17. — Twenty Members shall constitute a quorum for the pur- 
pose of a meeting other than a Special Meeting. Thirty Members 
shall constitute a quorum for the purpose of a Special Meeting. 
18. — The President shall be chairman at every meeting, and 
in his absence, one of the Past-Presidents or one of the Vice- 
Presidents ; or in the absence of these, a Councilman shall take 
the chair ; or if no Councilman be present and willing to take 
the chair, the meeting shall elect a Chairman. 

19. — The decision of a General Meeting shall be ascertained 
by a show of hands ; or, when five Members or Associates shall 
demand, or the Chairman may think it desirable, the decision 
shall be taken by ballot. The manner of counting the votes 
shall be at the discretion of the Chairman, and an entry in the 
minutes, signed by the Chairman, shall be deemed sufficient 
evidence of the decision of a General Meeting. In cases of 
equality of votes, the Chairman shall have a casting vote ; other- 
wise he shall not vote. 

20. — Questions of a personal nature arising in a General 
Meeting, shall, if possible, be referred to the Council, otherwise 
the decision of the meeting shall be taken by ballot on a motion 
or amendment put to the meeting. The ballot shall be taken by 
the voters (being Members or Associates) writing *'for" and 
** against" on a slip of paper. The slips shall be folded and 
collected, and then counted in the presence of the meeting, and 
the result announced by the Chairman. Should fewer than 
twenty votes be given, it shall be understood that the question 
is shelved, and the votes shall be destroyed without being opened. 
21. — At every General Meeting of the Institution, the Secre- 
tary shall first read the minutes of the preceding meeting, which, 
on approval, shall be signed by the Chairman ; business arising 
out of these minutes shall then be transacted. The Secretary 
shall read any notices which may have to be brought before the 
meeting. Notices of motion may then be given, and other 
business of the Institution may be attended to; but when a 
paper is to be read, the foregoing business shall not be extended 
beyond half-an-hour after the advertised time for commencing 
the meeting. The paper or papers for the evening shall then 
be read and discussed. 

22. — If within half-an-hour after the time fixed for holding 
a General Meeting a quorum is not present, the meeting shall be 
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dissolved, and all matters which might, if a quorum had been 
present, have been done at the meeting so dissolved, may forth- 
with be done on behalf of the meeting, by the Council ; except 
the reading or discussion of a paper, which shall not proceed in 
the absence of a quorum. 

23. — Any General Meeting of the Institution may be ad- 
journed by a vote of the Members and Associates present if 
there be a quorum ; if there be not a quorum, the case shall be 
met by the preceding paragraph. 

24. — Each member shall have the privilege of introducing 
one friend to the General Meetings, whose name must be written 
in the Visitors' Book, together with that of the member intro- 
ducing him ; but if the introducing member be unable to attend 
the meeting, he may send the name of the visitor to the Secre- 
tary. During such portions of any of these meetings as may be 
devoted to any business connected with the management of the 
Institution, visitors may be requested by the Chairman to with- 
draw. This shall be done if five Members or Associates, or both, 
present request it. 

COUNCIL MEETINGS. 

25. — The Council shall meet before each General Meeting, or 
on other occasions when the President shall deem it necessary ; 
being summoned in either case by circular, stating the time of 
meeting, and the business, so far as is known. 

No business involving expenditure of the funds of the Insti- 
tution (except by way of payment of current accounts) shall be 
transacted at any Council Meeting, unless the circular gives six 
clear days' notice, and states the business. 

All discussions of a personal character in the Council shall 
be considered and treated as being strictly confidential. 

26. — The Council may regulate its own procedure, and dele- 
gate any of its powers and discretions to any one or more of its 
number. 

The President shall, ex-officio, be chairman of all Council 
Meetings, and in his absence one of the Past-Presidents or one 
of the Vice-Presidents shall take the chair ; or in the absence of 
these, one of the Councilmen shall be elected to take the chair. 
Five members of Council, including the Chairman, shall form a 
quorum. 

In the appointment of Sub-Committees, the Council shall 
determine the number which shall fonn a quorum in each case, 
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and shall appoint a Chairman. These regulations shall not 
aflfect the Finance Committee. 

27. — ^The Council may appoint Committees either from itself, sub-oommitteeB. 
or with the assistance of persons outside, for the purpose of 
transacting any special business, or of investigating specific 
objects connected with the work and interests of the Institution. 

28.-— All Committees or Sub-Committees shall be appointed sub-committees. 
by the Council, and shall be subject to that body, and shall 
report to it. The Council shall act upon these reports or recom- 
mendations as it may think best. 

29. — The Council may invite to General Meetings or to invitation to 

" strangers. 

Council Meetings any person or persons whose presence and 
assistance it may desire, and strangers so invited shall be per- 
mitted to take part in the proceedings, but not to vote. 

30. — The Secretary, who shall also act as Treasurer, shall be |J^|;j^.J^* 
appointed by and act under the direction and control of the ^""®"' 
Council, and shall be paid such salary as the Council shall 
determine. He shall attend all meetings. Council and General, 
and shall take minutes of the proceedings, and enter them in 
proper books provided for the purpose. He shall write the 
correspondence of the Institution and Council, read minutes and 
notices at meetings, report discussions, and, if required by the 
Council, prepare papers for reading and publication, and read 
papers and communications at the meetings. He shall receive 
all payments due to the Institution, and shall bank the cash in 
hand whenever it amounts to ten pounds. The bank shall be 
determined by the Council and the banking account shall be in 
the names indicated in connection with the Finance Committee. 
He shall keep a cash account book, general and detail, which 
shall on all occasions be open to inspection by the Finance 
Committee or by the Council. He shall keep a register of the 
names of members, so arranged as to distinguish all members 
whose subscriptions are in arrear. He shall also perform what- 
ever other duties are indicated in the Bye-Laws* of the Institu- 
tion as appertaining to his department; and shall remain in 
office during the pleasure of the Council. He shall not vote on 
any resolution. 

31. — The following Sub-Committees shall be appointed 
annually at the first meeting of the Council in each Session : — 
(1) A Finance Committee, to consist of seven persons, viz. : one cimmutee. 
Past- President or Vice-President, who shall be Chairman ; five 
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Conncilmen, and the Honorary Treasnrer of the Institution; 
three of whom shall form a quorum. The Treasurer ^udl be 
empowered to pay all amounts due from the luBtitation which 
are under two pounds. All amounts of two pounds and upwards 
shall be paid by cheque, signed by the Cbairman of the Finance 
Committee (or in his absence, by the President or a Past- 
President), the Secretary and the Honorary Treasurer. (2) A 
Reading Committee, to conaiat of sis members of Council. No 
member who has served on this Committee for three years in 
succession shall be eligible for re-election until after an interval 
of one year. (3) A Library Committee, in accordance with 
Library Bye-Laws, tfos. 1 and S. 



32. 



TRANSACTIONS. 
-All papers shall be forwarded to the Secretary at li 



five clear weeks before the proposed date of reading. The 
Secretary shall submit them for approval to the Council, and on 
their general approval they shall be handed to the Reading Snb- 
Oomraittee, three of whom at least, shall read the paper thronKh. 
The Reading Committee shall be at liberty to strike out any 
parts which, in their opinion, ought not to be read. They may 
also make any suggestions to the author as to points which 
might with advantage be inserted or altered. 

83. — The papers read, and the discassions on them, or aoch 
portions of them as the Conncil shall select, shall be printed for 
distribution among the members, each of whom shall receive a 
copy. These Transactions shall be edited by the Secretary, in 
; witli instriiutioiis oY tbe Coiiiioil, ivlio 
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turned to the Secretary within four days. A printed proof will 
also be sent to each speaker for further revision ; this must be re- 
turned to the Secretary within three days, otherwise it will be 
deemed correct, and printed oflF after receiving verbal corrections. 

86. — The Council shall be at liberty to print as Transactions, 
either with the papers and discussions or separately, explanatory 
notes, etc., communicated after the reading or discussing of a 
paper. Such conmiunications must be approved by the Reading 
Committee, and shall bear the date on which they shall have 
been received by the Secretary. 

87. — The Institution shall not be held responsible for the 
statements and opinions advanced in any of the papers which 
may be read, or in the discussions which may take place at the 
Meetings of the Institution. 

88. — Twenty copies of each paper and discussion shall be 
presented to the author of the paper, for private use, and one 
copy shall be sent to each member. When a paper is prepared 
by two authors, fifteen copies shall be presented to each. Dupli- 
cate copies of parts of the Transactions mislaid or lost by 
members cannot be supplied to them, except as provided for in 
Bye-Law 41. 

89.— The Transactions shall not be supplied free to members 
whose subscriptions are more than one year in arrear. 

40. — Any member elected at any time between the Annual 
General Meetings shall be entitled to copies of all the Transactions 
issued during the Session to which his first subscription applies ; 
but not until the subscription has been paid. 

41. — The Transactions of the Institution shall be the exclu- 
sive property of the Institution, and shall be published only by 
the authority of the Council. Additional copies of papers 
required by authors for their private use can only be procured 
from the Secretary, at prices fixed by the Council from time to 
time, and these copies must contain the whole of the discussion 
following the papers, and be bound in the usual cover, with the 
addition of the following words : — " By peimission of the 
Council," and " Excerpt Minutes of Proceedings." Duplicate 
volumes and copies of parts of the Transactions, if in print, can 
also be obtained from the Secretary, and shall be sold only by 
him, in such manner and at such prices as the Council shall 
have fixed. 
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42. — During a discussiou upon any paper, no person shall 
be at liberty to speak more than once (except by way of explana- 
tion), nor for a longer period than ten minutes. 

ACCOUNTS, &c. 

43. — The Council shall present the yearly accounts (up to 
the 31st of May preceding) at the October General Meeting of 
each year, after they have been audited by a professional 
Accountant, appointed by the members at the General Meeting 
in May. 

44. — The capital, stock, and funds of this Institution shall 
be vested in the names of three Trustees, to be elected from time 
to time as vacancies occur by the members of the Institution at 
a General Meeting called for that purpose. All mortgages and 
other securities shall be taken in the names of such Trustees ; 
and on any new appointment the funds shall vest in the newly- 
appointed Trustee or Trustees jointly with the continuing or 
remaining Trustee or Trustees. 

ALTERATIONS TO CONSTITUTION AND BYE-LAWS. 

45. — Alteration in or addition to the Constitution and Bye- 
Laws may be made only by resolution of the members at the 
May General Meeting, after notice of the proposed alteration or 
addition has been announced at the previous General Meeting. 

The resolution may be modified by the Council meanwhile, 
should they so desire ; but in this case it shall be read at the 
May General Meeting in its original form before it is proposed 
in the amended form. 

Such resolutions shall be stated in the notice calling the 
intervening Council Meeting, and also in the notice calling the 
May General Meeting. 

Any member unable to be present at the meeting at which 
such alterations are to be considered, but who is nevertheless 
desirous of recording his opinion thereon, shall be allowed to 
vote by proxy, such proxies shall be in Form J in the Appendix, 
which may be had on application to the Secretary, and* may be 
used by any member present at the meeting on behalf of the 
absent member, and counted by the Chairman as of equal value 
with votes given in the manner provided in Bye-Law 19. 
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THE LIBRARY AND READING ROOM BYE-LAWS. 

1. — The liibrary and Reading Room shall be managed by a 
Committee, caUed the Library Committee, who shall have charge 
of all books, papers, specimens, etc., which may belong to the 
Institution. It shall consist of five members of the Institution, 
of whom at least two shall be members of Council. 

2. — The books and other property of the Library shall be 
vested in the Trustees appointed by the Institution. 

3. — The Library Committee shall be appointed annually, at 
the first meeting of the Council in each Session. No member 
who has served on the Committee for three years in succession 
shall be eligible for re-election until after an interval of one year. 
The Chairman shall be elected by the Council. 

4. — The Secretary of the Institution shall be Librarian, and 
shall also act as Secretary to the Library Committee. Three 
members of the Committee shall form a quorum. 

5. — The Library Committee shall be responsible for the 
binding and purchasing of books, periodicals, papers, etc., and 
for the expending of all money voted by the Council for its 
use. It shall appoint an attendant who shall act as Assistant 
Librarian. It shall make Bye-Laws for the management of the 
Library, subject to the approval of the Council, and present an 
annual report to the first meeting of the Council held after the 
annual scrutiny of the books referred to in Bye-Law No. 13. 

6. — Except when closed by special order of the Library Com- 
mittee, or when the Council is sitting, the Libraiy and Reading 
Room shall be open for consulting, borrowing, or returning 
books, every week day as follows: — On Monday, Tuesday, 
Wednesday, and Friday, from 10 a.m. to 12 noon, and from 
1 to 9 p.m.; on Thursday, from 10 a.m. to 12 noon, and from 
1 to 5 p.m. ; on Saturday, from 10 a.m. to 1 p.m., and from 2*30 
to 9 p.m. The Rooms will be closed on Christmas Day and 
the day following, New Year's Day and the day following, Good 
Friday, Monday and Tuesday in Easter week and Whit week, 
and the first Monday in August (being Bank Holiday) ; also at 
noon on Tuesday, Wednesday, Thursday and Friday in the Race 
week of June, and from the first to the second Saturday in 
March of each year, as mentioned in Bye-Law No. 13. 

7. — Books shall not be lent to any persons except Members, 
Associates, or Graduates of the Institution, but a person entitled 
to borrow a book may send a messenger with a signed order for it. 
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8. — Each member shall bo entitled to introduce a friend to 
the Blading Room, whose name shall be written in the Yisitors' 
Book, leather with that of the member introdncing; him. 

9. — The books marked with an aeteriak in the Catalt^e 
shall be kept only for consultation in the Library, and shall not 
be lent. Pending the preparation of a Catalogne, the Librarian 
shall be instmcted by the Committee as to which books shall be 
withheld from circulation. 

No periodicals, magazines, or pamphlets shall be issued for 
circnlatioD until after they have been bound and added to the 
Lending Library. 

10. — The Librarian shall keep a register in which he him- 
self or the attendant shall enter the titles of the books lent, the 
date of lending, the name of the borrower, and the date of the 
retnm of the book to the Library. The borrower of the book 
or the bearer of his order shall initial the entry of such borrow- 
ing, and the Librarian or the attendant shall initial the date of 
the retnm of the book. 

11. — No person shall borrow or have in his possession at one 
time more than two volumes belonging to the Library. 

12.-«No member shall retain a book longer than fourteen 
days, excluding the day of issue. He shall be responsible for 
the safe return of the book, and if it be darned or lost he shall 
make good the cost of such damage or loss. 
I 13. — All books belonging to the Library shall be called ia 
for inspection, and the lending out of books shall be suspended 
from the tirst to the second Saturday of March, inclusive, of each 
V(^iir, LiTiil membcra sliall Iw roiiiiirfil by un intimation insertod 
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APPENDIX TO BYE-LAWS. 



FORM A. (BYE-LAW 1.) 

Name (in full) 

Profession or Occupation and where Employed 
Address 

being desirons of admission into the North-East Coast Institu- 
tion of Engineers and Shipbuilders, we, the undersigned, propose 
and recommend that he shall become* ^ . ^ ^ 

* A Member, 

thereof. We know him to bef oSSSite.' °' 

and eligible for the proposed membership. \^^^^' 

Drau»itsman, 
I^ROM PERSONAL KNOWLEDGE. SECTION OF MEMBERSHIP etc. See Articles 

v., VI.. and Vn 
of OoDstitution. 



Proposed by. 

Supported by 

Three Members 

or Associates. 



Dated this day of 

( When a Graduate is proposed the age last birthday should he stated,) 



FORM B. (BYE-LAW 2.) 

A. B. [Christian Name, Surname, Occupation, and Address 
in full] being at present a of the North-East Coast 

Institution of Engineers and Shipbuilders, and upwards of 
twenty-four years of age, and being desirous of becoming a 

of the said Institute, we, the undersigned 
[Members or Associates], recommend him, from personal know- 
ledgBy as a person eligible for the proposed Change of member- 
ship, because — 

{Here specify distinctly the Qualifications of the Candidate according 
to the spirit of the Rules of the Institution.) 

Signed ^^ 

I [Members or 
j Associates.] 



Dated this day of 18 
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FORM 0. (BYE-LAW S.) 

BALLOTINQ PAPER FOB MBMBBBSHIP. 

The Goancil having considered the recommendations for 

Membership of the following gentlemen, present them to be 

balloted for, via.: — 



"eS" 


0^,.,.... 


„„„ 


„..„„„, 


HBMBEIU OK 













Strike out the names of such persons as yon desire shall not 
be elected, and forward the list by post to the Secretaiy, or 
personally place it in the ballot-box at the Meeting. 



FORM D. (BTB-LAW 4.) 

SiB, — I am directed to inform you that on the day 

of you were elected a of the North-East 

Coast Institution of Engineers and Shipbuilders, but, in con- 
formity with Bye-Law 4, your election cannot be confirmed, nor 
your name be added to the roU of membership, until you have 
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FORM E. (BYE-LAW 9.) 

Sir, — I am directed by the Council of the North-East Coast 
Institution of Engineers and Shipbuilders to draw your attention 
to Bye-Law 6, and to remind you that the sum of £ 
of your annual subscriptions remains unpaid, and that you are in 
consequence in arrear of subscription. 

I am also directed to request that you will cause the same to 
be paid without further delay, otherwise the Council will be 
under the necessity of exercising their discretion as to using the 
power vested in them by the Rule above referred to. 

I am, Sir, 

Yours faithfully, 

Secretary. 



FORM F. (BYE-LAW 9.) 

Sir, — I am directed by the Council of the North-East Coast 
Institution of Engineers and Shipbuilders to inform you that in 
consequence of non-payment of your arrears of subscription, and 
in pursuance of Bye-Law 9, the Council have determined that 
unless payment of the amount (£ ) is made previous 

to the day of next, they will proceed to declare 

that you have ceased to be a member of the Institution. 

But, notwithstanding this declaration, you will remain liable 
for payment of the arrears due from you. 

I am, Sir, 

Yours faithftilly, 

Secretary. 



FORM G. (BYE-LAW 10.) 

Sir,— I am directed by the Council of the North-East Coast 
Institution of Engineers and Shipbuilders to inform you that 
they feel it their duty to advise you to withdraw from the 
Institution, or otherwise they will be obliged to act in accord- 
ance with Bye-Law 9 (or 10, as the case may be.) 

I am, Sir, 

Yours faithfully, 

Secretary. 
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POEM H. (BYE-LAW 11.) 

BALLOTING LIST. 

PBE8IDKNT.— One Naue oalj to be returned, or the vote will be lo«t. 

President for the cartent year (eligible lor re-election.)* 

— \ New Nominations, trom whom to select ONE. 

ViOE-PnaemBNTS.— NiNB Names onl; to he retamed (including the 

six who remain in office), or the vote will he lost. 



= ( 



Six Vice-Prcsidenta remaining in office, whose se 



i Throe Vice- Presidents retiring, eligible tor re-election. 



oations, from whom to select THREE names. 



Tbgabubeb. — One Nake only to be returned, or the vote will be lost. 

Treasnror for the current year, eligible for re-election. 

J- New Nominfttions, from whom to select ONE, 



CoUNCTLiiBK, — FiPT&EN Names onl; to be retnnked, including 1 
who remain In office. 
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N.B. — (a) The names of those who remain in office will be counted in 
the total number required without being re-written by the voter. 

(b) Any list having either MORE or LESS than the required number of 
names voted for in any section will be disqualified for that section. 

(r) Votes as President for a person who is not elected will count for 
him as a Vice-President. 

(//) Votes as Vice- President, or Treasurer, for persons not so elected, 
will count for them as CouncUmen, unless they have just completed a 
term of office in that capacity. 

(«) This list, duly filled in, may be returned to the Secretary by post, 
or handed to him, so as to be on the Council table before the commence- 
ment of the scrutiny, which is appointed to take place in the Council 
Room, at 8 p.m., on 18 

(/) A copy of this list shall be posted at least Seven Days previous to 
the Annual Meeting to every Member and Associate, who may erase any 
name or names from the list and substitute the name or names of anv other 
person or persons eligible for such respective offices, but the number of 
persons on the list after such erasure or substitution must not exceed the 
number to be elected to the respective offices. 

Secretary. 



FORM J. (BYE-LAW 45.) 



I 

North-East Coast Institution op Engineers and ' 

Shipbuilders. 



FORM OF PROXY. 
For Votes on Alterations to Constitution or Bye-Laws. 



I, , being [an 

Honorary Member, Member, or Associate] of the above Institution, 

do hereby appoint Mr 

who is [an Honorary Member, Member, or Associate] of the same 
Institution, to act as my Proxy, and record my Vote at the General 

Meeting of the Institution, to beheld on the day of 

, 18 , and at any adjournment thereof. 



Signature. 
Address . . 



.Secretary. 
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NORTH-EAST COAST INSTITUTION 



OF 



ENGINEERS AND SHIPBUILDERS. 



Tbnth Session, 1893-94. 



PROCEEDINGS. 



ROBERT THOMPSON, Esq., President. 



The tenth session of the Institution was inaugurated on the evening 
of October 24th, 1893, by a conversazione, concert, and ball, provided by 
the President, in the Assembly Rooms, Westgate Road, Newcastle-upon- 
Tyne, and was attended by a large assemblage of ladies and gentlemen. 
After the concert and before the dancing commenced, the President briefly 
addressed the guests from the platform in the large assembly room. He 
thanked them for their presence in such large numbers, and stated that 
he had repeated the ftinction inaugurated by the late President (Mr. 
Wigham Richardson) two years ago, with a view of giving the ladies an 
interest in the Institution, and reconciling them to the absence of the 
gentlemen when attending the meetings of the Institution during the 
winter months. He had two pleasing duties to perform : the first being 
to declare the opening of the tenth session of the Institution, and the 
second to present the gold medals to the successful authors of jmpers read 
during the last session. It was only fair that he should state that some 
of the papers read last session had been contributed by members of the 
GonncU, but owing to their official capacity they were excluded by the 
rales from entering into the competition. He had pleasure in stating 
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that the gold medal for the beat shipbuilding paper had been awarded to 
Mr. Stonard 0. Kendall for his paper on " Strains of Tank Steamers," 
and that for the best engineering paper to Mr. J. Denholm Tonng for his 
paper "On a System of Mechanical Aid to the Investigation of Speed 
Curves." 

Both of the above gentlemen being in the hall the medals were 
presented in due form. 

On the motion of Mr. Wiqham Richaedson a hearty vote of thanks 
was accorded by acclamation to the President for his kind boBpitality. 

The President was supported on the platform by the Past and Vice- 
Presidents and Members of the Conncil. 
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NORTH-EAST COAST INSTITUTION OP ENGINEERS 

AND SHIPBUILDERS. 



Tenth Session, 1893-94. 



PROCEEDINGS. 



FIRST GENERAL MEETING OF THE SESSION, HELD IN THE PHYSICAL 
LECTURE HALL OF THE DURHAM COLLEGE OF SCIENCE, 
NEWCASTLE-UPON-TYNE, ON TUESDAY EVENING, NOVEMBER 
Tth, 1893. 



ROBERT THOMPSON, Esq., Phesidbnt, in the Chaie. 



The Secretary read the minutes of the Closing Business Meeting of 
the ninth session, held in Newcastle, on May 9th, 1893. 

The ballot for new members having been taken, the President ap- 
pointed Messrs. E. W. De Rusett and J. C. Stirzaker to examine the 
voting papers, and the following gentlemen were declared elected : — 

MEMBERS. 

Alder, Sydney, Consulting Engineer and Naval Architect, Edinbro' Buildings, 

South Shields. 
Bagnall, T. W., Forge Manager, The Groves, Winlaton-on-Tyne. 
Basset, Walter Bassett, Engineer, 110, Westminster Bridge Road, London, S.K. 
Boyt, John T., Superintendent Engineer, 204, South 3rd Street, Philadelphia, 

Pa., U.S.A. 
Broadbent, Frank, Electrical Engineer, c/o Messrs. J. H. Holmes ic Co., Portland 

Road, Newcastle -on -Tyne. 
Bushell, Chas. A., Naval Architect and Ship Surveyor, 1, Benton Terrace, 

Newcastle-on-Tyne. 
Calvert, Geo. A., Superintendent Engineer, Wellington Villa, St. Luke's, Cork. 
Camithers, Frank, Superintendent Engineer, 13, Hartington Street, Sunderland. 
Cohn, William M., Draughtsman, 2, Marine Terrace, North Shields. 



PEOCEEItlNOS, 

CopplestoDe, Henrj J., Sbip DraugbUman, 68, Crown Street, NencfuUe-on-T^e. 
Daniel, Alfred John, Sliip Draug1itsman,46, Kingsley Terrace, Neircutle-on-TyDe. 

Diotzo, F. G., Superintendent Engineer, Hamburg Sontb American Sleam Ship 

Company, Hamburg, 
Dixon, William, Engineer, 7, Bolingbroke Street, Heaton, NewcaetloMMi-Tjne, 
Douglass, WiUiam, Engineer, Globe Iron Works, Winlaton-on-Tyne. 
Gad, Oscar, DrongbUman, Deptford Yard, Deptford, SnnderUnd. 
Manaira, Ouiaeppe, Engineer and Naval Architect, c/o Mesars. E. Cikvera & Co., 

Foee, Genoa, Italy. 
Nicholls, H. E., Draughtsman, 26, ChnrcbiU Street, Sonderland. 
ProBser, James, Mechanical Draughtsman, 205, Albert Road, Jarrow-on-Tjne. 
lUwser, W. D., Manager, Cardiff Pontoon Company, Mount Staart Sqoare, Cardiff, 
Sharman, Qeo. Diion, Sbip Dranghtaman, Deptford Yard Sunderland. 
Weltoii, J. J., Draughtsman, 12, Hendon Valley Road, Sunderland. 
Winter, Thor., Engineer Skeppsdockau, Uelsingfora, Finland. 

MEMBERS (LATE GRADUATES). 
Doxford, Albert Ernest, Engineer, 2, West Lawn, Sunderland. 
Freeman, Alfred laaac, Engineer, 2, Regent Terrace, NeweaslIe-on-Tjne. 
Mctcalf, Thos., Jun., Marine Surveyor, 18, John Street, Sunderland. 
Ritaon, S. M., Marine Engineer, 18, St. Dede's Terrace, Sunderland. 
Itntberford, J. T., Marine Engineer, 42, Wliarucliffe Street, Newcaatle-on-Tjoe. 

ASSOCIATES. 
Adam, John B., Shipowner, Osborne Terrace, Newcaitle-on-Tyne. 
Anderson, Daniel O., Manager, Bnmaby Lodge, Rjton-on-Tyne. 
Barr, John Smith, Agent, 6, Hosley Street, Neweaatie-on-Tyne. 
Brima, D. N., Contractor, 4, St. Nicholas' Uuildings, Newcaatle-on-Tyne. 
Hardy, John, Jun., Iron Merchant, Brunewick Street, West HartlepooL 
Humdall, Sidney E,, Manager, Frintiiie Court Chambers, Newcastie-on-Tyne. 
Jenkins, Alfred, Secretary, Mercantile Dry Dock Co., Croft Houae, Croft Terrace, 

Jarrow-on-Tyne. 
Huir, Jamea, Marine Superintendent, 2, Dingle Lane, Liverpool. 

reUry to M«s.<r.H. Wallaeml Slipwaj Co.. The Qrei 
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Hughes, Thomas C, Apprentice Engineer, 3, Summerhill Street, Newcastle-on- 

Tyne. 
Jamieson, Jas. L. A., Apprentice M. E., 32, Lovainc Crescent, Ncwcastle-on-Tyne. 
Pearson, James, Apprentice Ship Draughtsman, 10, Hcech Grove Road, Newcastle- 

on-Tyne. 
Rishton, C. William, Aj)prentice Engineer, 10, Cambridge Street, Newcastle-on- 

Tyne. 
Squire, Charles E., Apprentice Electrical Engineer, Aruside House, Grosvenor 

Road, Newcastle-on-Tyne. 
White, W. H., Draughtsman, The Terrace, East Boldon. 



The Secretary submitted the ninth annual Report of the Council, 
and Financial Statement. 

The President delivered a short address. 

Mr. W. HoK read a paper " On a Method of Comparing Steamship 
Performances and of Estimating Powers and Speeds of Ships." 



COUNCIL BEPOBT. 



COUNCIL REPORT 

(Ninth Session.) 



The Council, in presenting its ninth annual report, has pleasure in 
stating that the finances of the Institution are in a satisfactory condition. 

During the session the following papers of practical utility were read 
and discussed, viz. : — 

"The Combnation of Coal and Prevention of Smoke." Bj Mr. J. R. 
FothergiU. 

" A System of Mechanical Aid to the Investigation of Speed Carves." By Mr. 
J. Denholm Young. 

** Marine BoUer Furnaces.** By Mr. D. B. Morison. 

"Apparatus for Determining the Amount of Water Suspended in Steam.*' 
By Mr. W. R. Cummins. 

** Ship's Electrical Fittings for Lighting, Signalling, etc." By. Mr. L. Newitt. 

" Types and Proportions of Mercantile Steamers in relation to Cost, Carrying- 
Capacity, and Speed." By Messrs. J. G. Jordan and II. Marlborough. 

" Strains of Tank Steamers." By Mr. S. O. KendaU. 

The gold medals for the eighth session were awarded as follows : — 
The Engineering Medal to Mr. J. Jennings Campbell for his paper on 
" Engines for Ships of War." The Shipbuilding Medal to Mr. M. C. 
James for his paper on ** Tonnage Measurement." 

In the Graduate section a still further improvement has taken place, 
and the meetings have been better attended. During the session the 
following papers were read and discussed, viz. :— 

" A Modem Theory of the Rolling of Ships." By Mr. A. Young. 

" Continuous Current Dynamos." By Mr. J. Brentnall Duckitt. 

" HydrauUc Buffers." By Mr. W. H. Athertou. 

" Floating CaiBwns." By Mr. J. King. 

" Marine BoUer Construction." By Mr. E. F. Moroney. 

Visits were also paid to the following works and places of interest : — 

Redheugh Qas Works belonging to Messrs. The Newcastle-upon-Tyne and 
Gateshead Qas Company. 
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The SbipbuiltUng Yard of Messrs. W, Doxford k SoDM, Sanderland, and the 

Turret-ship huilt bj them. 
Mr. F. Cavr's Experiineatal Tank, Sunderland. 
HcagrB. Tlie North-EBstem R^Iwbj Companj^s Locomotive Works, Gateshead- 

on-Tjne. 
Measra. John Abbot k Co.'s Works, Gateshesd-on-Tyne. 
The Shipbuilding Yard of Messrs. J. L. Tliorapson & Sons, SnnderUnd. 

TLe prizes for the beet papers read in this section during the eighth 
aessioD were awarded ns follows : — First atrard to Mr. J. King for his 
paper on " Some Notes on the Propulsion of Paddle Steamers." The 
second award was divided between Messrs. £. Towers and B. L. Gaine, 
the former for his paper on "Hydranliee and Hydraulic MactiiDeiy," and 
the latter for his paper on " Steamship Trials." 

Daring the past year the following additions have been made to 
the list of members, viz. : — 67 Members, 7 AsBOciates, and S5 Gradnates ; 
and 18 Graduates have been raised to the rank of Members. 

The lustitntion regrets having to record the loss by death of the 
following : — Members, — Messrs. C, Ahlbom, William S. Cnmming, 
J. Eltringham, J. C. R. Gemmell, and J. Livinstone. Associates. — 
Messrs. John Holmes and John Varley. Graduates. — Messrs. Alfred 
E. Hume, John R. Taylor, and William Boyd, Jan. 

It has also lost from resignations and other canses — IS Members, 
10 Associates, and 12 Graduates. 

The total number of Members of all classes now enrolled on the books 
of the Institution is 892 as follows : — 

Honorary Members S 
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The Council has arranged thai photographic portraits of the Past- 
Presidents of the Institution be obtained and hung in the Institution's 
rooms. The contract for these portraits has been placed in the hands of 
Mr. James Bacon, Photographer, Northumberland Street, Newcastle- 
upon-Tyne. 

The Council regrets having to report that the sum of the subscriptions 
in arrears has greatly increased; and it is hoped that those membera 
whose subscriptions for previous years are still unpaid will at once 
remit the amount due to the Secretary. 
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ENGINEERS AND SHIPBUILDERS. 

POR Session ending 81st May, 1898. 



pasmenta* 

By Transactions and Papers — 

Lithographing 

Printing and Binding 

„ Stationery and Circulars 

yy X\t5LH/I'Llll^ ••• ••• ••• ••• ••• ■•• ••• 

„ Rents — 

v^lXlC^Oo ■■• ••• ••■ ••• ••• ••• ••• 

Lecture Rooms 

X eiepuone ••• ••• ••• ••> ••• ••• ••« 

„ Rates, Oas, and Insurance 

„ Salaries — 

Secretary, Salary ... 

Do. Commission ... 

vylXlCw ^#0Y ••• «■• ••• •■. ••• ••• ••• 

Assistant Librarian 

„ Postages, Stamps, Post Cards, Parcels, etc. 

„ Secretary's Expenses and Allowances to Hall Eee|)ers . . . 

„ Office Expens<;8, Coals, Cleaning, etc. 

„ Exi)enses of Graduates' Meetings and Hire of Lantern ... 

„ Rent for Measured Mile Posts 

„ ^&u(Ui/0r 8 I: ee ... ••■ ... ... ••. ••• •.. 

„ John Brown & Co., Ltd. — 

Balance from Sheffield Excursion voted to their Work- 
men's Sick Fund 

„ Library Fund — 

f Ux ul wU 1 6 ••• ••« ••• ••• ••• ■•• ••• 

^i C " xvoOIld «•• ••• ••• ••• •• ••• ••• 

Bookbinding 

„ Chair of Engineering and Naval Architecture Fund — 
One Year's donation towards Salary of Professor 

,, Gold Medals' Fund (Two Medals Awarded) 

„ Graduates' Award Fund — Amounts Awarded for Papers... 

,, Balance — 

^Lv JPmi KteA o ••• ••• ••• ••• ••• ••• ••• 

aU iiMhI ••• ••• ••• ••• ••• ••• ••• 
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LIST OP SUBSCRIPTIONS 

EBOEIVBD TOWABDS THE SALARY OP THE PROFESSOR OP EnQINEERINO 

AiTD Naval Architecture in the Durham College op Science, 
Newoastle-on-Tyne, From August, 1892, to August, 1893. 



99 



Sir William Gray, West Hartlepool 

Messrs. Wigham Richardson & Co., Walker-on-Tyne 

„ John Readhead & Sons, South Shields 

„ C. S. Swan & Hunter, Wallsend-on-Tyne 

„ Bartram, Haswell & Co., Sunderland (2 years' 
subscription) 

„ George Clark, Limited, Sunderland 

John Dickinson, Esq., Sunderland 

Messrs. W. Doxford & Sons, Sunderland 

James Laing, Esq., Sunderland 

Charles Mitchell, Esq., Newcastle-on-Tyne 

Messrs. N. E. Marine Engineering Co., Wallsend-on-Tyne 

Thos. Richardson & Sons, Hartlepool 

J. L. Thompson & Sons, Sunderland 

„ The Wallsend Slipway Co., Wallsend-on-Tyne ... 

„ The Sunderland Shipbuilding Co., Sunderland ... 

Arthur Coote, Esq., Newcastle-on-Tyne 

Messrs. J. Eltringham & Co., South Shields 

„ John Spencer & Sons, Newbum-on-Tyne 

„ J. Blumer & Co., Sunderland (donation) 

John Gravell, Esq., Newcastle-on-Tyne 

Messrs. J. P. Rennoldson & Co., South Shields 

„ Ropner & Sons, Stockton-on-Tees (donation) ... 

„ Smith's Dock Co., North Shields 

„ Westgarth, English & Co., Middlesbrough 

„ Baird & Barnsley, North Shields 

G. E. Macarthy, Esq., Newcastle-on-Tyne 

Messrs. J. Priestman & Co., Sunderland 

G. W. Sivewright, Esq., Hartlepool 
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Mr. J. 0. Stibkieeb moved the adoption of the report and financial 

statement. 

Mr. W, Dalrykplb, in seconding, asked if the balance at the bankers 
was in the shape of a current account or invested aa a deposit account ? 

The Pkesident said the Finance Committee were making arrange- 
ments for its investment. 

The reports were adopted nem. eon. 



OPENING REMARKS BT THE PRESIDENT. 

The Peesideht said, in formally opening the first boBinesB meeting 
of the session, it was not his intention to occupy their time with an 
inaugural address, but simply to make a few general remarks in reference 
to the work of the last and for the present session, and to express a few 
thoughts which might be naeful in the future. 

In the first place he must most heartily thank the Past-Presidents, 
Vice-Presidents, Council, and members, for so cordially accepting the 
invitation to the conversazione which he had the pleasure to give on the 
24th ult., as a commencement to the proceedings of the present session. 
He also wished to specially thank their Secretary (Mr. John Duckitt) for 
his kind and assiduous attention, and those gentlemen who so pleasantly 
acted as stewards ; also those who were present by invitation, and 
although not members of their Institution, were deeply interested in their 
proceedings, and to those who could not attend but sent kindly letters of 
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He felt all the more certain of this when they considered that through 
the influence of Mr. John Gravell, Prof. Weighton, and himself, as their 
President, they would be enabled by the generosity of a large number of 
firms in this and other districts, 27 in all, to shortly present to the 
College from this Institution an experimental quadruple engine, with 
boiler complete. The total estimated cost of these was about £3,000, so 
that coupled with the machines already presented to the College by its 
supporters, the engineering department was in a very good position, and 
they only required an experimental tank to make this and the ship- 
building requirements fully complete. He trusted that at an early date 
a ftiture President might be in a position to announce that a tank had 
been added to the advantages offered to students by the College. 

If funds could be obtained from those possessing them, and accruing 
from the Local Taxation Customs and Excise Act, for the establishing of 
lectures at the various centres of engineering and shipbuilding on the 
North-East Coast, the benefits of the College would be widely diffused and 
the interests of the district considerably furthered. 

The report of the Council of the past session was of a satisfactory 
character. The papers read were of great practical value and the discus- 
sions showed that a considerable number of members had a thorough gnisp 
of the questions raised, and possessed good debating powers. He might 
here take the liberty of expressing his pleasure at the two very successful 
meetings held at Hartlepool, and was glad to preside over such numerous 
gatherings. 

The gold medals were awarded to Mr. S. 0. Kendall for his paper on 
" Strains of Tank Steamers," and to Mr. J. Denholm Young for his paper 
"On a System of Mechanical Aid to the Investigation of Speed Curves,*' 
and were presented at the conversazione. 

The present session also promised to be of an interesting character, so 
far as the reading of papers was concerned. He feared that the engineers 
were rather backward. He hoped that this was not because their Pi-csident 
was a shipbuilder. He might say that personally this did not apply, as the 
only regret he sometimes felt was that he had not been made an engineer 
or a doctor. 

He was pleased to note the continued improvement in the Graduate 
section. Their meetings had all been well attended, so much so that at 
present the Council had deputed Prof. Weighton and Mr. R. L. Gaine 
(the President of the Graduate section) to endeavour to induce the College 
authorities to extend their kindness to them by allowing the meetings to 
take place in that room. He trusted the authorities would agree to it. He 
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bad attended several meetings of the Graduate section, and hod generally 
admired their business tact, the high character of the papera, and the 
free manner in which the members joined in the dlBCOBaionB. He hoped 
the Council would see their way to have some of the papers read in tiat, 
section printed and added to the Transactions of the Institution. 

Though they had to regret the lose by death of several of their mem- 
bers, still they were on the upward grade in both sections, and the increase 
that night was a very material one. 

He still loolted forward to papera of practical value being contributed 
by some of thf^ir shipowning membere and their superintendeTita, They 
might assist them in many ways by giving them the results of actual work 
done. In these times of severe depression and keen competition it must 
be of the utmost importance to all parties to have the opinion of practical 
men as to the value of the various forms and types of vessels. They were 
in a position to tlirow much light on the question of the paying value of 
fulness of model, when compared with higher speeds and finer vesaels, 
carrying less deadweight. These were points of great commercial valae, 
and any freely expressed opinion by those having intimate knowledge of 
the matter would receive full consideration. 

There was a resolution on their minutes, moved by Mr. Sivewright, 
and passed by the Council, as follows : — " That any member may by com- 
munication addressed to the Secretary petition the Council to lay before 
a general meeting of the Institution the contents of any letter which shall 
in a short, concise, and clear manner draw the attention of the Institation 
to public matters of importance in connection with legislation proposed 
by any governing body in reference to the construction of ships, machinery, 
or working of the same, so that members might, by their scientific and 
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Then they had the grouping together or consolidation of the various 
Acts of Parliament under the Merchant Shipping Laws. Take the 
Tonnage Laws as now in force. They might ask that since all water 
ballast tanks in the main body of the vessel were aUowed off tonnage, 
why no reduction was made off that portion of fore and after-peaks built 
and used exclusively for water ballast ? Further, store rooms for pro- 
visions and navigation of vessel were deducted, but none for the space 
occupied by fresh water tanks for use of the crew, or that taken up by 
chains in locker. Cables were one of the necessities for the safe navi- 
gation of the vessel. 

Questions of construction of framework of hulls — whether Z, channel, 
or bulb iron sections should be used instead of angles; boats — whether of 
steel or wood ; compasses ; steering gears ; and other equally important 
items — would tend to start valuable discussions, and be of great practical 
utility. 

Engineering questions were rife with importance. Whether plain or 
corrugated furnaces were best for the purpose intended ? Whether reduced 
sizes of cylinders, and increased boiler power and longer stroke, were more 
economical than the sizes at present in general use ? Whether a triple 
engine required a governor or not ? What was the proportion of surface 
required for thrust bearing ? Quadruple expansion engines, whether they 
were really economical at 180 or 200 lbs. pressure, if not, then what was 
the pressure which would result in a decided economy ? 

He simply threw out these suggestions to show that there was ample 
room for useful papers, and what could still be done to add to the success 
of the Institution. 

The Sub-Committee of Lloyd's, while not having effected, or attempted 
to effect, any very radical changes in the rules, had been instrumental in 
assisting to bring. about a more uniform practice in the carrying out of 
the rules. Some of these changes were the fixing of the sizes of anchor 
cranes, boats' davits, etc., making them to more nearly conform to the 
practice adopted by the largest builders in the kingdom. He regretted 
that although this conmiittee had only been in existence a very short time 
they had lost four of the members by death, viz. : — R. Sennet, H. H. 
Laird, A. D. Bryce Douglas, and Dr. A. C. Kirk. 

His observations of the general conduct of the business in committee 
were that the innovation was a step in the right direction, but its utility 
could be considerably increased if the drawing office staff of Lloyd's were 
augmented. It was impossible for the staff at present employed to keep 
pace with the continual suggestions and improvements being put forward 

VOL. x.-use. 2 
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by shipbuilders and engineers. He thought, considering the large reserve 
funds accumulated by Lloyd's Registry, this addition could be easily 
attained, and would add greatly to its usefulness. At present the society 
had in Mr. Martell an exceptionally able man, and one of varied and 
extensive experience. Was it right that bo much responsibility should be 
so centred ? He took it that it was unfair to Mr. Martell, to the society, 
and to the shipowning commUDity, who sabscribed bo largely to the f ands. 

The President, contiiming, said he was tempted to say something 
about trade prospects. The outlook was so gloomy that the ouly ray of 
hope seemed to be this, that things could not be much worse. Any change 
therefore must be of an upward tendency aud for the better, both for capital 
and labour. Regarding the latter it seemed to have been forgotten that 
the so-called capitalists of to-day were the working men of ahnndred years 
ago or less. What was wanting was that emulation of labour which used 
to exist, bat which he was afraid seemed of a waning nature to-day. With 
bett^ir education they should have a higher moral standard, the cultivation 
of sober habits and thriftiness, truthful and direct dealing with each other 
on both sides. There ought to be a feeling that the two must go together, 
because so soon as they became antagoniBtic the particular trade they were 
inteiX'st«d in must suffer, and thus entail loss to both parties. The general 
tendency was to drift into arrangements as a matter of immediate con- 
venience, rather than to work on definite principles. In the end thia course 
Wiw sure to lead to disagreement and inevitable collision. He hoped tlic 
future in respect to the relrtions of capital and labour would be that they 
would become more closely allied, leaving capitalists free to give their 
particular branch of business the full scope of their enei^ and ingenuity. 
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reception, and, as a member of Council, he felt that the opportunity thus 
afforded for social intercourse between the membera was a potent factor 
in riveting together the various sections and making firmer the bonds 
that went towards the assurance of a thriving and successful institution. 
For past services, and his address that evening, be moved a hearty vote 
of thanks to their worthy President. 

Mr. E. W. Db Rusett had much pleasure in seconding so desirable a 
proposition. He thought it was an omission, at the close of the last 
session, that while they thanked the Council, the President was left out 
altogether. He had only had the pleasure of knowing Mr. Thompson 
(the President) for a short time, but had during that period been much 
struck with the genial and hearty way in which he had conducted theii* 
gatherings, and thought it should be a pleasure, as well as a duty, for 
more of the members to attend and support him at the meetings. Besides, 
larger gatherings would extend the usefulness of the Institution, the 
Transactions of which, he had no hesitation in saying, were second to none. 

The motion was adopted by acclamation. 

The President thanked the meeting for the vote of thanks so heartily 
given. He could only say this, that his heart was in the work, and any- 
thing he could do to further the interests of the Institution, he was at all 
times ready and willing to accord. He was very pleased indeed, with the 
social evening at the commencement of the session, and thought such 
gatherings would tend to improve then- business meetings, as it made the 
members better acquainted. It was a selfish world they lived in, and it 
was something to get away for a little from the turmoil and won^y of 
business, to meet each other in a spirit of good fellowship and enjoy a 
happy evening together. 



Mr. H5k read the first paper of the session " On a Method of Com- 
paring Steamship Performances and of Estimating Powers and Speeds of 
Ships." 
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ON A METHOD OF COMPARING STEAMSHIP PERFORM- 
ANCES AND OF ESTIMATING POWERS AND SPEEDS 
OF SHIPS. 



By W. HOk, M.I.N.A., Mbmbeb op Council. 



[Head befobe the Institution, in Newcastle-upon-Tyne, on 

Tuesday, Noyembeb 7th, 18U3.] 



Introduction. 

This investigation is undertaken with the object in view of finding 
some method by wliich the powers and speeds of steam vessels may be 
estimated rapidly and with sufficient accuracy, and by which also the 
performan'xjs of such vessels may be compared, and their success or non- 
success in regard to exixjiiditure of power ascertained. 

Such a method can only consist of experimental data bound together 
in accordance with established scientific principles. 

In hydrodynamics the only established principle is the law of com- 
parison. 

Thus the question arises — "With experimental data and the law of 
comparison as our only material, how should the problem be attacked to 
yield a satisfactory return ? 

This question is best answered by asking another — What elements of 
form and size alTect chiefly the resistance of ships at given speeds ? 

In considering this question, let us — at all events for the moment 
—disregard form, and try to settle in a satisfactory way which is the 
element of size by which the power at given speed seems mostly to 
depend — Length, breadth, draught, midship area, wet surface, or dis- 
placement. 

It is now generally accepted that breadth, draught, and midship area 
play subordinate parts as regards their influence on the power compared 
to either length, wet surface, or displacement. So let us reject the former 
group without further comment. 

The elements of size composing the latter group, on the other hand, 
are important factors in determining the resistance ; and it is undoubtedly 
a delicate matter to decide which of these to retain in preference to the 
others. 
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But determine first of all the relative importance of wet surface and 
displacement. 

It seems to the writer that at low speeds the surface plays a mote 
prominent part than the displacement, and that at high spt^eds or, more 
correctly, at speeds where the wave-making element predominates, first 
place must be given to the displacement. The tendency of our time 
being towards higher and higher speeds, and coupling this to the circum- 
stance that the displacement possesses a certain commercial value, it appears 
the correct thing to retain the displacement in preference to the surface. 

The elements of size remaining for final consideration are length 
and displacement. Of these the displacement is undoubtedly the more 
imporcaut. 

Tims, if we fix on the displacement as the most important factor and 
make it our basis of comparison iu determining the resistance, we can bring 
ships for which we have experimental data into direct comparison by 
making; them of equal displacement. Hut all these ships will pro- 
bably be of unequal lengtiis, which cireumstauce defeats the object in 
view, namely, the comparison between ship and ship, on account of the 
influence of length on reaistauce. 

On the other hand, if we make all ships of equal length they will 
probably all have different dlsplacc^meuts, and this again is detrimental to 
a comparison. 

We have, therefore, to choose between two coutiiigenciea —either to 
make all ships of equal displacement and then compare only those of 
approximately equal lengths, or make all ships of equal length and com- 
pare only those having approximately equal displacements. 

And the WTiter lias a preference for the latter, for the only reason that 
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for which we possess trial data to a standard length, and then compare 
the powers required to propel a unit of displacement of these models of 
equal length at equal speeds. 

It is to enable us to do this in accordance with established scientific 
principles that we re(iuire the aid of the law of comparison. 

It was suggested by Mr. Purvis in 1880 that all ships should be 
reduced to 100 feet in length ; and this length lending itself admirably 
to simplifying the actual work in estimating powers and speeds is here 
adopted. 

Let us now see how the reduction of vessels to 100 feet models affects 
their dimensions, powers, and speeds. Adopting the following notations : — 

Length 

Displacement 

Wet surface 

Sui-face friction horse-power 
Wave-making horse-power . . . 
Indicated horse-power 
Propulsive coefficient 

OpCCu ... ••• ••• ■•. 

Ratio of linear dimensions of ship and 100 feet model ... = / = 



Aotual Ship. 


100 Feet Model 


L 


Lm = 100 ft. 


D 


Dm. 


S 


Sm. 


F 


Fm. 


W 


Wm. 


I 


Im. 


p 


Pm. 


V 


v.„. 



100 



Indicated horse-power per 100 square feet of wet surface 

for 100 feet model ... ... ... ... ... = ps. 

Indicated horse-power per ton of displacement for 100 

xeeu iuouca •«. ••• ••• ••• ••• ••• ^^ T' d. 

^^^i4-=u- 

I) "" loo""^- 

And surface friction correction ... ... ... ... = q. 

We have /> x 1 = W -f F (1), 

And, similarly, A>m x Im = Wm + F„, (2). 

W pi F 
Now, W,„ = ^-3^5 = ^35 - -35 . . . (8) froui (1). 

And thus from (2) and (8). 

Pm im — ^5— ^^35 ^mj, 

8 S 

and on account of -y^ being = 7^' w* 

Im _ p ^ I _ j_ F F^ 

[woJ ^^^foo \^^^ioo Uooj 



(4). 



^-^xl^q (5). 



/>u> 
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At this stage we make the reasonable assumption that the propulsive 
coefficients of the actual ship and the 100 feet model are equal at 
correspouding speeds, and 

Indicated horse-power per 100 aqoare feet of wet surface for 100 
feet model = 

? (fi)- 



\100j 



q ia the surface friction correction and denotes the amount by which the 

term r^has to be corrected in order to express the indicated horse-power 

per 100 square feet of wet surface for 100 feet model on account of the 
surface friction resistance varying with the actual length of surface and 
as the l'$25th instead of the second power of the speed. This correction 
(5) has been deduced from the experimental data published by Mr. R. E. 
Proude in the Transactions of the Institution of Naval Architects for 1888 ; 
and the process of deduction of q and the construction and application of 
Diagram 1 (Plate I.) containing curves of q for a wide range of speed 
and for lengths of vessel varying from iO to 600 feet is described in 
Appendix A, page 36. 

But we require the indicated horse-power per tan of displacement for 
100 feet model. 

FTi — ^t — ™ _ i]nlica(^ horae-power per ton of diaplacement for 



{^) 
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Deduct q from w if I^ < 100 feet j 

^ > and we have ps. 

Add g to ~ if L > 100 feeti 

Find now t = jy x t^, multiply it by j[?s, and we have finally jod = 

indicated horse-power per ton of displacement for 100 feet model at 
speecL V nx* 

The Wet Surface. 

The only element of size required in this method, which is not always 
known and which occupies some time in computing, is the wet surface. 
This fact is, no doubt, the principal reason why methods based on the 
expenditure of power per unit of surface fail to become popular. But it 
is evident that for the purpose we need the surface in this method, Le,^ for 
effecting a correction, which in itself is of very small magnitude, a very 
approximate surface is all that is required. 

The approximate surfiice used by the writer for years is a simplified 
form of the well-known surface invented by the late Dr. Kirk. 

Let D be the displacement of ship, 

L „ length, 

B „ breadth, 

d „ draught, 

u) „ block coefficient of displacement, 

S „ surface. 

Then 8 = ^^-^ + 2^^. (7). 

= L (luB + 2d?) (8). 

As will be seen, these expressions have the advantage of being com- 
posed of only the principal elements of size and form. For their absolute 
accuracy not much is claimed ; they, however, compare very favourably 
with the surface obtained by Kirk's analysis and are much simpler to use. 
(For further information on this point see Appendix B, page 38.) 

The principal elements of size are by the reduction of ships to 100 
feet models affected in the following way : — 
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Tlic coefficieiitB and nil elements of form being unaffected by any change 
in absolute dimensions are the same in the 100 feet model aa iu the 
actual ship. 

In the way described we convert all trial data for actual ships into 
speeds { Viu) and powere \kv ton of displacement ( p„ ) for 100 feet models. 
These data are then graphically recorded on Diagrams such as 2 to 7 
{Plates II. to VII.), where the abscisste represent Vm and the ordinates pa, 
and arc so grouped that shipa of approximately equal dispkcementa (Dm) 
are placed together. 

The DiAQitAHR and the Trial Data. 
The diagrams here presented contain speed and power data for vessels 
the actual lengths of which range from 48 to 665 fe«t. Nearly all 
existing types are represented, including launches and yachts, torpedo 
boats, torpedo catchers, cruisers and battle ships, Atlantic liners and plain 
cargo steamers, ships driven by means of single, twin, and triple screws, 
paddle wheels and guide blade propellers. The data of these ships are mwtly 
collected from the Transactionsof learned societies; a few, however, the 
accuracy of which seemed beyond doubt, are taken from engineering 
journals of high standing. The writer is also indebted to Mr. Arthur 
Laing for allowing the use of data for some cargo steamers built at 
Deptford yard. The data on the diagrams, whether curves or spota, are 
marked by distinguishing numbers, and the corresponding size and form 
characteristics are given in Appendix C, page 39, No absolute dimenaions 
are given however, the ships being all reduced to 100 feet models, but in 
order to heighten the interest, the names of those ships which are well- 
known in the engineering world and which have already been published 
in the Trauatctiuns of hanictl socictica mid imlilic prinLw jiri' iidiliid. 
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cau therefore not compare sliips, at least not ships having proportionately 
widely different machinery, unless we first apply a con-ection to their 
speed curves of such character as to practically annul the influence of size 
and speed of machinery. 

Call i the power consumed in friction, 

I — i 
then at speed V the engine efficiency = e = 



and 



»» 



max 



5) 



»» 



— Cinax — 



I ' 

J-max ■" h 



iiiax 



-max 



Then by making an assumption, which we are indeed compelled to 
make on account of the present imperfect state of knowledge, that the 
screw efficiency is constant at all speeds for the same ship, we have that 
the propulsive coefficients at different speeds vary as the engine efficiencies ; 
consequently, the ratio of the propulsive coefficients at speeds V and V 

= coefficient of engine friction correction = /*. 



max 



e 

Ciiiax 



Supposing, then, that the propulsive coefficient is pmax at speed Vmax, 
we obtain by multiplying the powera at the different speeds by the corre- 
sponding values of fi, a speed curve having a constant propulsive coeffi- 
cient at all speeds (same coefficient as at maximum speed), i.e., a speed 
curve which is proportional to the curve of hull resistance. "We have 
consequently eliminated the varying influence of the engine friction and 
are now enabled to compare the hulls of ships having widely different 
size and speed of engines. 

The chief difficulty in connection with this engine friction correction 
lies in determining it. In the first instance, we have to find the power 
spent in friction at the different speeds. Now, it is impossible to evaluate 
the dynamical friction without special appliances; it is probable, how- 
ever, that this kind of friction has so small an influence on the engine 
friction correction, that it can for our purpose be assumed with sufficient 
accuracy, or that it may even be neglected. 

The statical friction, on the 
other hand, must not be assumed. 
There is, besides, no need for re- 
sorting to an assumption in this 
case, as the statical friction is simple 
and inexpensive to determine in 
the following way : — Run the en- 
gine on trial, say 10, 15, 20, and 
80 revolutions, take indicator cards, 
plot the obtained mean pressures as ordinates to revolutions as abscissae. 
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draw a curve tlirough the spots, and produce it nntil it iaterBects the axia 
Y. P is then for all practical purposes the value of the statical 
frictioD of the engine. The further work entailed by finding the engine 
friction correction at the various speeds, and applying it to the speed 
curve, is so simple that no explitnation ts deemed necessary. 

Curves A, B, and C, Diagram 8 (Plate VIIL), are a few curves of 
engine friction correction. They are the outcome of knowledge obtained 
from some of Mr. Laing's ships, for which the statical friction of the 
engines was determined some seven jeara ago in the manner described. 
Curve C was afterwards used in correcting those speed curves on Diagrams 
2 to 7 (Plates II, to VII,), which are drawn on Diagrams 9, 10, and 11. 
(Plates IX., X,, and XI,), Although it is not absolutely correct to use 
the same curve of correction for all ships, it was the only thing to 
do under the circumstances. It is, nevertheless, at once seen that not- 
withstanding the necessarily approximate nature of the engine friction 
correction, it has had a beneficial effect, for whereas, in Diagrams 2 to 7 the 
direction of the curves at low speeds is decidedly irregular, in Diagrams 
9 and 1 greater r^iilarity has ensued. The whole length of the corrected 
carves can now be used for estimating purposes, for at any point thereof 
the propulsive coefficient is equal to the propulsive coefficient at maximum 
speed. 

BsTIMATINa POWEBS AND SPEEDS.^ 

The corrected curves on Diagrams 9, 10, and II (Plates TX., X., and 
XI.) are used in estimating powers and speeds of ships. Let L, B, d, D, 
and V be the length, bi'eadth, draught, displacement, and speed of a ship. 
What power (I) is now required ? 

Make ship into a 100 feet model — 
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Find also surface = S = ^ — + 2dLy 

a 



100' 

■^ ~ D ibo' 

Now select among the 100 feet models (Appendix C) the one most 
similar, especially in regard to block coefficient of fineness (w). 

Take from Diagrams 9, 10, or 11 the power per ton of displacement 
for 100 feet model at speed Vm (= pu)- 

Yindps = — = power per 100 square feet of wet surfece for model. 

Take from Diagram 1 the skin friction correction (q) for ship L feet 
long at speed Vm, and 

Indicated horse-power for actual ship L feet long 

= (ps + 5') U at speed V. 
Add q to ps when L < 100 feet. 
Deduct q irompa „ L > 100 feet. 

If, on the other hand, the power is known and the speed required, 
the procedure is very similar. However, we have here a slight difficulty 
to contend with, being the evaluation of the skin friction connection q, 
owing to the nature of Diagram 1, Plate I. We have first to guess Vm, 
which is indeed the quantity we want to find ; if the assumed Vm should 
happen to be widely different to the actual Vm, a second approximation 
may be necessary, but if the estimator has the slightest experience in 
his work such occurrences need be extremely rare. 

For numerical examples, when speed is known and power required, 
and power known and speed required, see Appendix D. 

Note. — On the supposition that when only a very rough idea of the 
power is wanted, the skin friction correction (q) is omitted, the approxi- 
mate power can be rapidly estimated from the diagrams without any 
previous calculation of the wet surface by simply multiplying the 
ordinate ;7d by D x -^l. This approximate power will always exceed 
the actual power in ships over 100 feet in length, and be less than the 
actual power in ships under 100 feet in length by the amount of the skin 
friction correction. 

Analysis of Trial Data and Comparison of Steam-ship 

Performances. 
It is impossible within the compass of a paper to discuss minutely all 
these trials. Nor is it absolutely necessary. They form, however, an 
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interesting study ; and although incomplete in many respects, they aeem 
to throw liijht on a grait many matters in connection with Bteamship 
propulsion, of which the following are the principal : — 

1. Truth of the Law of Comparison. — That the law of comparison on 
which this method is based is a acientific truth is testified by nnmerons 
trials, notably by No. 32, which ship is 525 feet long, and No. 46, 190 
feet long; by No. 24a, 565 feet long, and No. 21, 230 feet long; by No. 
5, 108 feet long, and No. ISn, 312 feet long ; by No, 77c, 88 feet long, 
and No. 79, 300 feet long ; by No. 136a, 68 feet long, and No. 128, 825 
feet long, and many otliera. 

2. Umuitaile Pr&pellers, Foul Bottom, and gmeralJy Lovt Propulsive 
Coefficient. — It is evident that one of the advantages of this method ie the 
certainty with which it points out inferior performances. To show this 
the writer has added speed curves of ships noted for the inferior results 
they gave on trial. No. 77a represents H.M.S. "Iris" with her original 
propellers. The position of her curve singles her out at once aa a bad 
result. No. 77, on the other hand, ia the " Iris" with new propellers, and 
the altered position of her curve shows how much more satisfactory is now 
her performance. 

No. 98a, H.M.S, "Medea," compared with her sister ship, the 
" Medusa" (No. 98), exhibits the retarding influence of a foul bottom. 

H.M.S. "Greyhound" {No. 125b) and H.M.S. "Mutine" (No. I25c) 
show the effect of generally bad performances. The propulsive coefficient 
of the former is, according to the late Mr. Proude. ■422, and of the latter 
■363 at maximum speed instead of '500 and above which is now very 
common in modern steamers. 

3. Engine Friction. — The presence of excessive engine friction discloses 
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In modern practice the f Fictional element has an important bearing on 
ship construction. It appears that one large engine equal to the collective 
power of several small ones consumes less power in friction. Hence it 
follows that the efficiency of ships is reduced by multiplying the number 
of main engines. This is noticeable at lower speeds in the "Paris" 
(No. 32), twin-screw, compared with the "Umbria" (So, 31b), single 
screw; and also in H.M.S. "Blenheim" (No. 110), driven on the tandem 
principle by four engines, compared with H.M.S. "Edgar" (No. 105) 
driven by only two. But that at maximum speeds the efficiency is so high 
in twin-screw ships must be accounted for by more efficient propellers. 

4. Influence of Drawjht of Water, — A comparison between the expendi- 
ture of power in steamers of shallow and deep drauglit reveals at once the 
advantage of deep draught in propulsion. For instance, paddle steamers 
Nos. 4 and 6 and others of very shallow draught, compared to paddle 
steamers Nos. 28 and 44, require about 50 per cent, more power at equal 
speed. The influence of draught has recently been prominently brought 
forward in other places in connection with Atlantic liners ; and these 
diagrams abound in proofs of its importance on the future of steamship 
propulsion, and the correctness of the views held by Prof. Biles and Dr. 
Elgar on this matter. 

5. Single Screw versus 7'win-srrews, — This is perhaps the most interest- 
ing comparison of all, namely, the comparison of vessels driven by single 
and twin-screws. A glance at Diagrams 4, 5, 6, and 7 shows conclusively 
that, generally speaking, twin-screws are superior to the single screw. In 
corroboration of this we may specially point to the ships referred to by 
Mr. White in his paper before the Naval Architects in 1878, and which 
ships are plotted on Diagram 7, to the "Umbria" (No. 31b) and the 
"Paris" (No. 82), merchant steamer (No. 51), and Government cruiser 
(No. 60). Finally, all the more recent warships, Nos. 125, 129, 140, 105, 
110, 135a, etc., corroborate this view ; and although their superiority may 
be due to a combination of several causes, it can hardly be doubted that 
the twin-screw system adopted in them has a great deal to do with their 
general excellence. 

6. Triple Screws. — For proving the efficiency of triple screws we have 
only the trial of the "Tripoli,'' publislied by Mr. Marshall m 1887. 
This ship does not merely show an excellent result with triple screws (No. 
25) but lends itself admirably to comparing triple screws with twin-screws, 
and twin-screws with the single screw. No. 24 shows the ship running 
with only two screws. This performance is almost as good as the pre\'ious 
one. But if we compare No. 24 with No. 21, which latter is the 
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"Tripoli " being propelled by only one screw, there is a noticeable falling 
off in performance, which must be attribated to the single screw. 

7. Qwde Blade Propellers. — The only example (No. 1) we have of a ship 
driven by gnide blade propellers shows high expenditnre of power. It 
would be precipitate to attribute this to inefficiency of the propelling 
instrament ; it is rather due to the extreme aliallownees of the model. 

8. Paddle Wheels. — Like guide blade propellers, paddle wheels appear 
less eiEcient than screws. However, their inefficiency is purely chimerical, 
and is due to the shallow draught and its accompanying increase of resist- 
ance. This is proved by the performances of paddle steamers Nob. 53, 
28, and 44, .which draw about the same water as numerous screw 
steamers. It therefore appears to the writer that, generally speaking, in 
similar models paddle wheels are about equal in efficiency to the single 
screw, but inferior to twin-screws, which latter view seems corroborated 
by cruiser "Vesuvius" (No. 15) and cruiser "Tripoli" (No. 24), when 
compared with paddle steamer No. 17. 

9. Influence of Fineness and Displacement on Powers and Speeds iii Ships 
of Equal Length. — We now come to the moat important, and perhaps 
also the most instructive, comparison of all in connection with steamship 
propulsion, natnely, the influence of fineness and displacement on jMwcr 
and speed. Here let us solely confine ourselves to the corrected Diagrams 
9 and 10. A comparison of No. 122, a steamer '76 in fineness ; No. 
92, '74 in fincneaa ; No. 50, '05 in fineness ; No. 85, "61 in finenesSi and 
No. 65, '57 in fineness, discloses at once the intimate connection between 
fineness and expenditure of power. We can without undue extravagance 
drive No. 122, b^ knots; No. 92, 6J knotsj No. 60, 7^ knots ; No. 85, 
8 knots ; and No. 65, 8| knots. If we to these couple the steam trials of 
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themselves to be easily driven almost double that speed, but actually take 
less power to drive at the ecouomical speeds of the latter. This is indeed 
significant. It undoubtedly points out the form of ship which will ha\e 
to be adopted when the shipowners demand higher speed in the future. 

There are a great many more trials on Diagrams 9 and 10 tliaii those 
refeiTed to, showing most convincingly the superiority of broad and fine 
ships when compared to narrow and full ones, such as the " Edgar's " 
(No. 105), the "Blenheim's" (No. 110), and the "Royal Sovereign's'' 
(No. 135a), and there are also numerous vessels showing the advantages 
of ever so little more fineness at the exi)ense of increased breadth, such as 
for instance Atlantic liners, Nos. 27 and 36 over No. 20, liner No. 32 
over cargo steamer No. 4:9a, and cruisers Nos. 80, 79, 80a, and 84b over 
others. 

The curves on Diagrams 9, 10, and 11 (Plates IX., X., and XI.) 
seem also to give a faint indication of the fineness appropriate to speed ; 
and the writer has consequently ventured to indicate in the following 
table the speed which should not be exceeded in ships of given fineness, 
and vice versa the fineness of model that should be allowed for given 
speed: — 

Block Coefficients .^, inn?ff?iwr«^^i 

ofFmene™. '" ff ^'„S°**' 

O ••■ ••• .•• "9 

7 7 

O • • • ... . , • %/ 

5 ... ... ... 12 

^O ..• ••• ••• 1^ 

4 17 

35 20 

O ■•• ••• ••• ^t 

We also learn from Diagrams 9 and 10 that ships of small displace- 
ments in proportion to length, such as torpedo boats, paddle steamers, 
etc., take somewhat more power i)er ton of displacement to drive than 
vessels of very large displacements when steaming at speeds not ex- 
ceeding those appropriate to their fineness. This anomaly must princi- 
pally be due to larger wet surface in projwrtion to displacement and to 
less draught in the former ships. As a corroboration, take a torpedo 
boat of 40 tons displacement. She requires 1*5 x 40 = 00 hoi'so-ix)wer 
at 11 knots, whereas a vessel of 250 tons requires only 1 x 250 = 250 
indicated horse-power at the same speed. This is an important factor 
which should be well kept in mind when the necessity arises for fixing 
the most suitable dimensions and fineness of steamers with a view to all- 
round economy. 

VOL. X.-.U03. "^ 
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On PROfiREBs IN Steamship Peopulsion, 
Although this paper hue already nin to an inordinate length, the 
writer cannot conclude without comparing, if ever so incompletely, the 
progress made in the Mercantile Marine with that in the Navy. 

Progress in the Navy. — A special diagram is prepared (No. 12, 
Plate XII,) showing the progress in the Navy. The different trials fall 
into four groups, easily diBtinguishable, and marked A, B, C, and D. 

Oroup A consists of single screw ships, such as No. 135, the "Sultan" 
No. 137, the " Bellerophon ;" No. 131, the " Hercniea;" and othtra, 
built over twenty years ago. 

(Jroup B represents a few twin-screw slops, such as No. 127, the 
"Captain;" No. 134, the " Iron Duke;" No. 138, the "Alexandra;" No. 
14.5, the "Nelson;" and No. 139, the "Vauguard," built at a somewhat 
later period, Comparwl witli Group A they mark the progress made in 
the earlier ships by the adoption of twin-screws. 

Group C are ships built some ten years later, or about ten years ago, 
such as No. Vih, the "Edinbui^h;" No. 129, the "CoUingwood;" No. 
130, the " rmpcrlcusc;" and No, 140, the " Howe." They are all twin- 
screws, and show, all-round, a considerable advance on the earlier twin- 
screws in Group B. 

Finally, we have Group D, conaiating of the moat recent additions to 
the Navy, such as No. 105, the " Edgar ;" No. 1 10, the " Blenheim ;" 
and No, 135a, the "Royal Sovereign." This group, compared with the 
others, indicates very distinctly the remarkable advance made during the 
liist twenty years in the Naij. By comparing groups A and D, it is seen 
that the most modern ships require at the maximum speeds of the earlier 
only b;df thar power, and that \v 




STEAMSHIP PERFORMANCES, POWERS AND SPEEDS OF SHIPS. 35 

waste of power ; but, judging from comparisou with the other types, oue 
is inclined to expect better performances from vessels of so exceedingly 
fine lines. Their fineness may, however, be more apparent than real, 
owing to the fine midship section and proportionately large prismatic 
coefficient. 

The data for the Atlantic linera are very complete. They show most 
conclusively that in this type no tangible improvement has taken place 
(in regard to expenditure of power, of course) for a considerable period of 
time. Moreover, liners do not seem to have benefited by the introduction 
of twin-screws, for several of the single screw vessels are fully as efficient 
as any of the most modem twin -screws. 

Similarly, in regard to cargo steamers, there is no indication of an 
improvement. But, on the other hand, we have here to record a steady 
and most palpable retrogression (which fortunately now has reached its 
limit), not, however, as regards actual exjienditure of power at moderate 
sjxxkIs, but with regard to the speeds themselves. The si)eed of the cargo 
steamer has for years steadily declined {i.e., in relation to size of ship). 
This is due — as is well known — to the high exi)enditure of power above 
moderate speeds of the form of vessel which the builders have on account 
of the rules governing ships' scantlings been driven to adopt. This 
form which, owing to a penalty being placed on breadth and pnictically 
none on fulness, more resembles a rectangular box than a ship, declines 
to be propelled with economy at sjxieds above five and a half to six knots 
(referring to 100 feet model, of coui-se), as evidenced by several speed 
curves of modem cargo steamera on Diagram 9. 

Conclusion. 

We have finally to compare the best performances in the Navy with 
those in the Mercantile Marine. If we then direct our attention to the 
trials of the "Edgar" (No. 105), the "Blenheim" (No. 110), and the 
" Royal Sovereign" (No. 135a), «>., to ships representing the most recent 
additions to the Navy, we notice that their performances are unapproached 
by anything in the Mercantile Marine (as represented on these diagrams), 
both as regards speed capabilities and power expenditure. This important 
fact gives at once rise to the following speculations : — Would it be 
advantageous to make Atlantic linera after the model of the "Edgar," 
and cargo steamers after that of the " Royal Sovereign" ? If so, what 
changes in the building mles would make it profitable, and what altera- 
tions to docks, harbours and rivers would maKe it {wssible ? It is a 
series of problems which are recommended for the consideration of the 
members of this lustitucion. 
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And, ill conclusion, how has it come to pass that uuch progress has 
taken place in the Navy, particularly in coiineotion with the most recent 
ships ? The only likely answer is : throujjh experiments with models of 
shiiiH and screws. 

The Navy having now shown that their methods are productive of 
good results, would it not lead to Bomething tangible in connection with 
the Mercantile Marine if, like the late Mr. William Denny, the private 
shijibuildiii's pursued a similar course ? 



APPENDIX A. 

Skin Friction Correction. 
Till! skin friction connection for shijjs of different lengths at diffeivut 
six'eds, denoted hy q (page ^3) and put ecjual to 

~ F F,„ ~ 



V^ 



lOU 



is obtained from Mr. R. E. Froude's paper before the Institution of Nmal 
Ai-ehitects, 1888. 

As the writer cannot possibly here go over the gi'ouiid covereii by 
Mr. Fi-oude, a knoivledge of his work in connection witli this matter is 
indispensable for understanding the following eijtiation deduced from the 
said paper : — 

Cidl/the skin friction resistance in poands. 
„ a factor varying with length of ship. Using the same notations 
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Therefore 



F 101-3;3 X 64 X •105r)2i-«26 ,, ^ .,_„,, x Vm^-sa^ 



^^ S ~ 3300 X UX Vm - ^^^.^^^ 

iOd P V 2.825 

and for L feet ship - —' ^- = ^^2 ^ ^'" 
Likewise for 100 feet model ->-r/" = :>/?^^» ^ Oioo. 

VIooj 

F Fill Viu^'^^* r 1 

Thus— — g - -g^ = .^j^^.^2 [0,. - OiooJ; 

and on the supposition that pa, = — we finally obtain 

£1 



V 2.825 r,. rx 1 

^ 15-410 L J 



Now by using the values of to be found in Mr. Froude's paper 
(pa<re 313), calculate q for different speeds Vmof 100 feet model, and make 
a diai^^ram, such as Diagram 1 (Plate I.), where q^ is the skin friction cor- 
rection for various lengths of ships at different speeds V„i of 100 feet model. 

Diagram 1, embraces the skin friction correction for all ships but 
those having exceptional speeds for their size. In special cases, therefore, 
the diagram may require to be extended, and this is easily done by means 
of the etjuation for q above. 

The skin friction correction (^) is positive for L < 100 feet, 

and negative for L > 100 feet. 

Therefoixj, if vessels are being reduced in size, lald skin friction cor- 
rection to -jy and p^ 

On the contrary, if vessels are increased in size, deduct skin friction 

correction q from and 'p^^ 

The former case includes vessels above 100 feet in length being 
reduced to 100 feet models, and 100 feet models made into vessels under 
100 feet long. The latter case comprises vessels under 100 feet being 
enlarged to lOO feet models, and 100 feet models made into vessels over 
100 feet long. 
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APPENDIX B. 
The Wgt Surface, 
The wet surface given in the body of the paper (page 26) is a simpli- 
fied form of the surface obtained by Kirk's analysis. 
Let 



be Kirk's block model. 

liy puttint! bd = bh and, of course, ac = ni/, the fonnula for tlie wet 
surface takes the form given ou p^;e 25. 

The difference between Kirk's surface and this one, arisiug out of the 
above simplification, is extremely small, being equal to 3 M tan ^ if M is the 
midship area and ^ angle of entrance. The extreme values of & m ships 
of all olasses being 5 degs. and '20 degs., the value of the difference between 

the two surfaces lies between and — i and is thus a very small per- 
centage indeed of the total surface. Moreover, Kirk's surface exceeding 
in most cases the exact surface, and the above surface being always 
smaller, to the extent descrilied, than Kirk's surface, it follows that the 
approximate surface used in this investigation more nearly rcpi'escnts the 
exact surface than Dr. Kirk's, as is also teatilied by the following table :— 
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I «. 



RriHut (giiido- blade ]>ni]H'Ucn 
Sunderland (torpedo boat} 
Torpudo boBit 

Paddle Bteamer 

Paddle iteamer 

Torpedo boftt 

PadOaMeuaer 

Cuahing (toqiedo bont) 

MiraiMk O^n'icb) 

Torpedobont 

TorpedoboBt 

Turpfdo boat 

Torpedo l)OBt 

Torpedo boat 

Wiborg (Uirpedo boat) ... 

VesiiTinn (i/ruiser) 

Paddle Bteamar 
Kl Destructor 






<T)... 



Poddlo at 

Paddlo steamer 

Paddle steamer 

Wiborg {torjicdo boat) 
H.M.S. Sborpahooter 
La Tnindo (crni»er) 

Tripoli (cmiaer) 

Ri)Bales (gunboat) 

Eapora (gunboat) 

T,;p.l[iJn,l«,) 

Tentanic (Atlantic liner) ... 

Tripoli (crniKr) 

City of Home (Atlantic lintr) 
Ariiona (Atlantic liner) ... 
I^emoate (cmiwr) 

Paddio atcatner 

Ywbt 

Umbria (Atlantic liner) ... 
City of I'aria (Atlantic liner) 
Pembroke CaaUe (liner) ... 
ISenia (AtUntic liner) 
Famt Biamark (AtUntio liner 
Neiivodo Jnlio (oraiwr) ... 
La Normandie (Atlontie li'ier 
NormajiniB (Atlantic liner) 
AuTWiis (Atlantic liner) . . , 
Lahn (Atlantic liner) 
Elba (AttMitie liner) 
Oreitan (Atlantic liner) ... 

Orient (liner) 

Edm (Atlantic liner) 

Paddle steamer 

Allor (Atlantic liner) „. 

Spree (Atlanticlincr) 



DhpllB* 


Block 
of DU™ 




Draught, 


ID.) 


(«■) 


IB.) ■ 


Id,) 1 


2C-6 


■S3B 


15^00 


115 


326 


■401 


I0M30 


2^89 


311 




10-00 




3V2 


■4TG 


U^98 


2-10 


ait 


■5t!5 


10-67 


2^00 


3fi-6 








37-5 


'562 


10^77 


2-21 


3afi 


383 


10-28 


351 


3fl7 




14^29 




10-8 


■440 


11-67 


2-78 


H-9 


■375 


10 37 


3-76 


■12-2 


■taa 


12'50 


274 ; 


lZ-5 




la^so 




.n-6 


-457 


10^«8 


3^13 


433 


■416 


11^03 


319 


61-6 


■436 


10^73 


38li 


5a-8 


■574 


10--W 


3^09 


&-1-0 


■44S 


12^99 


3-25 


r.i-2 


■453 


10-73 


3^92 


543 


•447 


1070 


zm 1 


64'8 


■536 


10-70 


334 1 


552 


■448 


10-92 


305 


577 


■467 


11-03 


3-63 ■ 


60-4 


■50-2 


1174 


3^59 


61-0 


■473 


10 03 


449 




•455 


1130 


4^30 


fi-tt 


■453 


12-50 


3^98 


IH-1 


■453 


1250 


3-99 i 


65-9 


■4fi0 


1130 


iia 1 


06-3 


■497 


lO^lS 


4^60 ! 


68'3 


■4fi5 


1130 


455 


70-3 


■649 


rf58 


3-n6 


TO'l 


■589 


10^03 


4^17 1 


72-8 


■472 


1169 


4^62 ! 


76-1 


-382 


13^00 


6^3C ; 


793 


■383 


13-06 


5^53 f 


78-9 


■568 


irio 


427 


79-8 


■675 


1200 


40.-) 


80-2 




10-50 


4^25 1 


HO-a 


■610 


1010 


^■53 1 


80-4 


■549 




4-48 ; 


81-0 


■482 


12-57 


4-71 


82-3 


•G14 


1U^87 


431 


84-0 


•583 


11-45 


4-40 


8f8 


■575 


1213 


425 


85-6 


■558 


10-94 


4-91 : 


85-7 


■591 


1065 


4-76 


87-5 


•5!»9 


10-81 


4-72 


88-2 


■fr21 


10-31 




88-4 


■593 


lO^SO 


47!) 


88-6 


■538 


1267 


4-55 




■690 


H)-96 


4-79 


89-1 


■563 


1316 


4-21 


897 


■594 


1112 


476 
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Block 










"-"""■ 


Typs ud Nmno, 






"xr 


T'^ 






4fin 


City of P«ri» (Atlantia Uner) ., 


SS-8 


■561 


12-00 


467 






*9a 


Screw Hteamer 


93-7 


R46 


10-77 


4-67 






49b 


Yacht 


92-3 


333 


15-04 


6-47 






50 


ScrGW steamer 


93-a 


G50 


11-00 


1-56 




' 50a 


Ciiico de Mayo (oniiser) 


93-2 


500 


1323 


4'92 




61 


Screw steainer 


93-3 


479 


13-23 


516 




53 


Padille steamer 


937 


513 


1306 


1-90 




5eA 


Colmnhia (Atlantic liner) 


967 


509 


11-99 


4-til 




58 


Foriiesgia (Atlantic liner) 


W-4 




1000 


4-99 




1 58A 


Yaelit 


97-5 


37B 


11-87 


618 




69a 


Auguita Vidtoria (AUautlc liner) 


98-2 


571 


12-09 


4-96 




1 60 


H.M.S. Akcrity 

Jean Bart (mii.er) 


98-8 


481 


13-00 


5-53 




; RiA 


1004 


406 


13-57 


5-61 




ezA 


Yacht 


102-4 


347 


15-58 


6-70 




' 62b 


Dolvbin (despatch veawl) 


ioa-2 


my 


13-33 


5-75 






620 


Yafht ... .. 


V'2-5 


376 


1414 


673 






ft3 


Stirlmg Cwtle (liner) 


103-6 


569 


ll'SO 


5-30 






65 




10*'5 


575 


12-37 


6-14 






65* 


Yacht 


:o5-7 


»5 


15*4 


5-92 






es 


Waahlngtoii 


i090 


5!HJ 


1811 


B16 






70a 


Yacht 


109-8 


401 


14-93 


612 






71i 


Yacht 


109-9 


344 


16-96 


6-6a 






72A 


Yacht 


UM 


368 


15-41 


6-81 






73A 


Yacht 


1120 


389 


15-45 


6-59 






73b 


Yacht 


113-4 


401 


14-95 


6-66 






73c 


Yacht 


lt3-fi 


353 


14-51 


7-74 






71 




114-9 


519 


1470 


B-37 






7-lA 


I^ Cecilia (cruiser) 


117-9 


507 


1345 


5-41 






75 


Amerio. (Iltior) 


118-fi 


570 


11-80 


615 






70A 


Paddle steamer 


119-B 


605 


12'87 


5-36 






75b 


Yacht 


1202 


108 


1618 


6-C5 






77 


H.M.S. Iris 


121-9 


461 


I5'36 


6-03 






77a 


H.M,S. Iris 


1219 


161 


15-36 


0-03 






77b 


Yacht 


132-3 


106 


1613 


6-43 






77c 


Yacht 


122-3 


JOG 


16'43 


6-43 






7« 


Pinnace 


iaa-5 










^M 
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Nnmb«- 


TTpaudMuia. 


"tS" 


0«ffiS«t 


IB-J ■ 


l^. 


91 D 


Yacht 


1480 


■359 


17'05 


8-17 


92 


Screw atesmer 


1438 


-740 


12-tiO 


640 


92a 


Haltimore (wanhip) 


1-tlO 


■619 


15-40 


6-31 


y2H 


Bctiniii([t<in (warship) 


IWO 


■520 


15^79 


6-14 


92c 


Concord (warship) 


1141 


-519 


15-79 


6-14 


92d 


Yacht ... 


' 145-2 


■317 


1860 


8 60 


93 


Omin (^iiboat) 


1153 


-4S7 


1683 


6-20 


93i 


Cliicafri (warship) 


145-3 


-551 


15-30 


603 


96 


H.M.S Scout 


ite-s 


■521 


15-46 


0-36 


97a 


Yacht 


1493 


■*io 


16-70 


7-20 


9Tb 


Yacht 


ltti9 


■376 


20-03 


6-82 


97c 


CharlMton (wanhip) 


14S-G 


■623 


1533 


653 


98 


H.M.S Medusa .. ... 


150-5 


-5.17 


13-47 




»8a 


H.M.S. Medea 


150-5 


■547 


1547 


6-23 


99 


Rcina R(^iitc (cruiser) .., 


150-7 


■524 


15-96 


631 


101 A 


Allaiita (warship) 


153-3 


-547 


15 60 


6-39 


102a 


Yacht 


15H-2 


-354 


18-95 


81H 


105 


H.M.S. Edrar 


158-4 


■501 


16-67 


660 


1U5a 


IVti'd (ivarship) 


159-6 


-192. 


17-73 


6-11 


107a 


Boi'toii (warshi)!) 


164-0 


-563 


15-60 


6 64 


107b 


Kfiiia Rwetit* (cruiser) ... 


lf«-2 


-570 


16 43 


6-16 


110 




17:i-6 


■507 


17 33 


6-87 


nfiA 


Yacht 


17t-7 


■426 


18-83 


7-63 


111 


H.M.S. Herraiie 


179-1 


■460 


19-00 


7-16 


llflA 


Libert«d (armour-clad) ... 


1H9-0 


■605 


19 30 


5-65 


114 


H.M.S. A..ror» 


185-2 


-496 


18-67 


700 


lUc 


Yacht 


1029 


■3H9 


18-66 


933 


122 




201-2 


764 


13-92 


6-76 


124 


H.M.S. Monarch .'" 


224-6 


-628 


17-42 


7-18 


135 


H.M.S. EdinbiirEh 


225-8 


■539 


20-92 


701 


125B 


H,M.S. Hreyhouud 


226-5 


517 


19-22 


7-98 


125c 


H,M.». Mutine 


226-5 


■517 


19-22 


798 


125u 




229-6 


■615 


19-73 


662 


126 


lepan to (warship) 


231-3 


■609 


1816 


732 


127 


H,M.8. C>pl»iu 


234-1 


■635 


16-64 


7-76 


m 


H.M.S. CoUiii^wood 


235-4 


-545 


20-92 


7-23 


129 




238-9 


■547 


20-92 


7-31 


130 


H.M.8. Impericuse 


2123 


-556 


19-36 


7-88 


131 


H.M.S. Hercules 


252-7 


■612 


18-15 


7-39 


132 


H.M.S. Vanguard 


253-3 


■613 


1929 


7-50 


133 


H.M.S. lnvii.cible 


253-5 


-613 


19-29 


7-50 


134 


H.M.S. Iron Duke 


2535 


-613 


19-29 


7-50 


135 


H.M.S. Saltan 


253-9 


■639 


18-16 


7-66 


135i 




255-8 


-631 


19-74 


7-19 


13B 


H.H.S. Belleropbon 


2fi8-0 


■629 


18-67 


7-99 


136a 


Yacht . , 


270-7 


■33t! 


21-32 


13-23 


137 




271-1 


-631 


18-67 


8-06 




H,M.8. Aleiandra 


274-7 


■611 


19-59 


8 01 


139 


H.M.S. Vangnard 


276-8 


■625 


19-29 


804 


140 


H.M.S. Howe 


2.S0-7 


-f72 


20 92 


8-21 


110* 




2!Ml-3 


■589 


20-76 


8-48 


141 


H.M.S. Swiftsure 


297 8 


■599 


19-(H 


8-85 


142 


H.M.S. Triumph 


311-6 


-607 


19-64 


9-15 


143 


H.M.S. Prince Consort ... 


315 7 


■572 


2139 


0-O2 


144 




331-5 


-672 


21-00 


822 


145 


H.M.S. NeUon 


310-4 


■(S3 


2143 


878 


146 


H.M.8. Temer^re 


370 2 


•629 


21-75 


9-47 
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The discussion was adjourned to the following meeting, to be held in 
West Hartlepool. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Tenth Session, 1898-94. 



PROCEEDINGS 



SECOND GENERAL MEETING OF THE SESSION, HELD IN THE 
ATHEN.GDM, WEST HABTLEPOOL, ON SATURDAY EVENING, 
NOVEMBER 25th, 1893. 



ROBERT THOMPSON, Esq., Pbbsidbnt, in thb Chaie. 



The Secretary read the minutes of the last General Meeting, held 
in Newcastle-upon-Tyne, on Tuesday, November 7th, 1898, which were 
approved by the members present, and signed by the President. 

The ballot for new members having been taken, the President 
appointed Professor R. L. Weighton and Mr. J. D. Young to examine the 
voting papers, and the following gentlemen were declared elected : — 

MEMBERS. 

Adamson, CamberUnd, Ship Draughtsman, 3, Close Street, Sanderland. 

P>dtman, Herman, Engineer, North- Eastern Engine Works, South Docks, 
Sunderland. 

Farrar, Harrie Crawhall, Ship Draughtsman, 18. Gladstone Street, Hartlepool. 

Holbrook, Thomas, Marine Engineer, 22, St. Hilda Street, Hartlepool. 

McLaren, Robert M., Ship Draughtsman, Flinton Hill, Sunderland. 

Moorsom, Frederick, Ship Draughtsman, The Green, Seaton Carew. 

Nicholson, John S., Engineer, North View, Mowbray Road, Westoe, South 
Shields. 

Robson, George Edward, Ship Draughtsman, 69, Thornton Street, West Hartle- 
pool. 

VOL. X.-lbUM. *^ 



PBOCEEDIKflE. 



ASSOCIATES. 



Dodda, E. F., AccoanUnt, 36, Side, Newcutle-on-Tjno. 

Henzell, Robert, Oil Msnafacturer, Old ManBion House, Close, Newcaatle-on. 

Tyne. 
Maughaii, Tfaamaa, Jnn., Ctubier and Acconntant, HolljSeld Honie, Sorlej Street, 

Sunderland, 

ORADUATES. 
BoBwell, Cecil Robert, Apprentice Engineer, North umberlaud En^ne Works, 

Wallsend-on.Tyne, 
Gibbon. Thomas, Apprentice Engineer, 162, Roker Avenue, HonkH-earmouth, 

Sunderland. 
Jepaon, Henry, Apprentice Engineer, 31, St. Mary's Place, Newcastle -on -Tjne. 
Wawn, T. Noel, Apprentice Engineer, 6, Belle Vue, Sunderland. 



THE APPRENTICESHIP QUESTION FOR SEA-GOING 
ENGINEERS. 

The Peesident Baid that a circnlar letter had been issaed by the Board 
of Trade with respect to the time to be served by apprentices to the marine 
engineering trade. The matter had been under dJBCiiBsion by the Conncil, 
and they unanimously agreed to ask Mr. J. R. Fothet^ill to write a short 
paper on the subject, so that the members of the Ingtitntion might have 
an opportunity of discuasing the whole question, and come to a conclusion 
as to the reply to be sent to the Board of Trade. Mr. Fothei^ill had 
kindly consented to write the paper, and it would be read at the general 
meeting to be held in Newcastle-upon-Tyne on the 16th day of January 
next, and after discaaaion, some resolution would be proposed and sent to 
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DISCUSSION ON MR. HOK'S PAPER "ON A METHOD OF 
COMPARING STEAMSHIP PERFORMANCES AND OF 
ESTIMATING POWERS AND SPEEDS OF SHIPS. 

Mr. W. Weir, in opening the discussion on Mr. Hok's paper read at 
the previous meeting, said before commencing to criticise he wished, first, 
to express his personal obligation to Mr. Hok for his very valuable paper. 
He had made a careful study of it, and had found it most interesting as 
well as instructive. Mr. Hok had treated the subject in a most original 
way, which must have cost him much time and labour. The paper was a 
very suggestive one, and ought to give rise to a wide discussion. Based 
upon the assumptions made, it seemed to him that the writer had carried 
his argument to a logical conclusion, and that in a very clear and masterly 
way ; whether he was justified in these assumptions, was, however, another 
matter, and he ventured to think it was open to question. With regard, 
then, to the primary question, " What elements of form and size affect 
chiefly the resistance of ships at given speeds ? " Mr. Hok said it seemed 
to him that at low speed the surface played a more prominent part than 
displacement, and at high speeds or at speeds where the wave-making 
element predominated, first place must be given to the displacement, and, 
finally, he fixed on the displacement as being the most important factor 
and took it as his basis of comparison in determining the resistance. 
Now he thought it had been clearly established by various authorities 
on the subject that the chief elements of resistance referred to were 
twofold: (1) Resistance due to friction depending on wetted surface ; and 
(2) Resistance due to wave-making depending on form. Displacement, 
therefore, could not be said to be a true measure of resistance, inasmuch 
as it did not indicate either the wetted surface or the form of the ship. 
On the other hand, displacement might be taken, as Mr. Hok had done, 
as a measure of fineness, but fineness could not be taken as a measure of 
wave-making resistance, as it was evident that for a given displacement 
they could have an endless variety of forms, varying from a perfectly 
square midship section with fine ends to a V-shaped midship section 
with parallel water-lines and peei'fectly square ends. In the paper 
referred to by Mr. Hok, Mr. Froude had made use of displacement for 
comparison for special purposes, but for the ordinary estimator who had 
to determine the power necessary to drive a ship at a given speed and 
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who had probably a very limitei amount of reliable data at hie disposal, 
dlaplacement as a measure of resistance seemed to him to be quite inad- 
missible. If the displacement had to be used at all for the purpose of 
estimating power, it most be treated as in the Admiralty coefficient, that 
was by an exponent which brought it to a quantity which would be a 
measure of the wett«d surface. For the purpose, then, of estimating the 
power necessary to drive a ship at a given speed, it seemed to him from 
what he had shown, that the method proposed by Mr. H<3k was not likely 
to provu a very reliable one. For some of the other purposes indicated 
by the writer it might probably be made most useful. To the shipowner 
who wished to know what power he was paying for per ton of displacement, 
Mr Hiik's curves seemed to give in a simple and graphic form jost the 
informittion that was wanted. He would now discuss the subject of engine 
friction correction, as some of the remarks he had to make upon it bore 
upon what he had already said. Mr. Hok commented on a feature in his 
speed curves which he (Mr. HSk) thought was as "glaring as it at first 
sight appeared inconsistent," viz., that fine ships had a high expendttnre 
of power at their lower speeds. No doubt this at first sight appeared 
inconsistent, but he thought Mr. Hok must look for some other cause than 
engine friction to account for it. It was well known that for such low 
speeds as 4 to 5 knots, the skin resistance might be taken as constituting 
the whole resistance to be overcome in driving a ship through water, and 
that even for such moderate speeds as 10 knots the skin resistance was 
from 70 to 80 per cent, of the whole. Now, the form of body which gave 
the greatest wetted surface per unit of displacement was evidently that 
which had length and depth but without breadth, and the finer the ship 
the nearer would it approach this form. It was quite clear from this. 
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took 35 per cent, more horse-power per ton displacement to drive her than 
the coarser one. From this he thought it was evident that the "anomaly" 
referred to by Mr. Hok was explained by the fact that the wetted surface 
per ton displacement increased with fineness, the engine friction only 
accounting for a comparatively small part of it. This, he thought, also 
clearly showed that displacement could not be taken as a measure of resist- 
ance. Let them imagine a ship such as that he had already referred to, 
having length and depth and the smallest measurable breadth. This ship 
would have wetted surface equal to its length by twice its depth. If they 
doubled the breadth they doubled the displacement, but the resistance would 
remain practically the same, and consequently the indicated horse-power 
per ton displacement would be reduced by one-half, while the actual indi- 
cated horse-power necessary to drive the ship remained practically constant. 
With further reference to the subject of engine friction correction Mr. 
Hok said that owing to the present imperfect state of knowledge he was 
compelled to make the assumption that the screw efficiency was constant 
at all speeds for the same ship. Here, again, he thought Mr. Hok had 
fyien into error, and if he would refer to Mr. Barnaby's book on marine 
propellers he would find the following statement : — " For a screw of any 
given pitch ratio there is a particular slip ratio corresponding to its maxi- 
mum efficiency. A greater or less amount of slip than this will result in 
a smaller return of useful work in proportion to the power expended in 
driving the screw." In practice it was found the slip varied with every 
change of speed, 5 per cent, in one knot being common enough, and 
from this it was evident that the efficiency was not constant at all 
speeds for the same ship. Mr. Hok £^ain referred to engine friction, 
and called attention to the fact that the curves corresponding to certain 
numbers given showed comparatively high powers at low speeds 
owing to relatively large machinery. In the table given on the following 
page he had tabulated a number of the ships referred to by Mr. Hok, 
and in addition to the information given in Appendix C he had added, for 
his purpose, two more columns, showing the wetted surface and the wetted 
surface per ton displacement. If they referred to these figures they would 

S 
notice that at the top of the column j^ was 39, and that it gradually 

diminished as they went down till it reached the very low figure of 9*0, 
which showed that the wetted surface per ton displacement increased the 
greater the degree of fineness. The inference to be drawn from this was, 
he thought, that for all speeds up to which the wetted surface formed the 
chief element of resistance, fine ships were likely, by Mr. Hok's method, 
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to Khon inferior performauces, aod the ioveree was to be expected from 
sliipa of greater relative dieplacemenb. Noa. 1, i, and 6 were examples of 
inferior performanceB attributed bj Mr. Hok to shallow dranght, and Nos. 
10, 10a, 19, and 32 to relatively large machinery. But these numbers 
being near the top of the column the excessive wetted surface was, he 
thought, sufficient to account for the inefficiency. Nos. 143 and 145 on 
the other hand being at the bottom of the colnnin good performances 
might be looked for, and inferior performances in these cases rather 
pointed to inefficiencies of machinery. With regard to the example given 
in Appendix D he would like to ask Mr. Hok bow he had arrived at the 
factor '637 (^d) ? As it was carried to three places of decimals it implied 
great nicety of choice. If on the Diagram 9, Plate IX., referred to in the 
paper, an ordinate was drawn through the speed 9*58 it intersected the 
abscissa drawn throi^h 8*37 on the curve Xo. 140. Referring to Appendix 
C he found this ship was widely different froni the one under consideration, 
whereas those ships 65, 32, ete., which were more nearly similar gave p" 
factor ranging from about "87 to 1"1. He just wished to say, in conclu- 
sion, that in making these remarks, he was fully aware that he might have 
fallen into error through misunderebanding, and if Mr. Hok could put him 
right in the matter he thought it might perhaps help towards a clearer 
nnderBtuiding of the paper. 
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The Secretary read the following : — 

Communication from Mr. R. E. Froude. 

Dear Mr. Duckitt, Novemh&r \%th, 1893. 

I am indebted to the courtesy of Mr. Hok for the perusal of an 
advance proof of the paper on a method of comparing steamship perform- 
ances, read by him before your Institution. 

The paper strikes me as a most painstaking, sound, and well-directed 
contribution to a very important study, namely, the instructive comparison 
of the results of steam vessels of all types and sizes. 

The method pursued with this object at the Admiralty works, Haslar, 
as described by me in the paper read before the Institution of Naval 
Architects, in 1888, and referred to by Mr. Hok, amounts in effect to 
reducing all vessels to a common standard unit of displacement, and 
comparing their then resistances (or powers) stated in terms of speed ; the 
comparison being effected by diagrams in which either the length or the 
speed of the model of unit displacement are alternatively used as the base 
scale. 

Mr. Hok, on the other hand, reduces all vessels to a common standard 
unit of length, and compares their then powers stated in terms of displace- 
ment, the comparison being effected by diagrams in which the speed of 
the model of unit length is used as the base scale. I can readily suppose 
that for many problems this latter principle of comparison may be the 
more convenient of the two. 

At the same time, did I find myself led to have recourse to Mr. Hok's 
principle of comparison, I think I should prefer to cast it in a slightly 
different form, which appears to me to be more workable and in some 
respects simpler. This I will describe, if I may, premising that the 
particular methods in which given principles of comparison are carried 
out are to a great extent matters of taste, and that I do not presume to 
quarrel with anyone who prefers Mr. Hok's arrangement to my professed 
emendations on it. 

Speaking for myself, then, I should suggest the following successive 
d^rees of, as I think, emendations on Mr Hok's arrangement : — 

In the first place, observe that if the two terms in Mr. Hok's equation 
(6), are kept separate, the final equation (6^) becomes 

^° = d71"*' ^'^ 

Here the first term, which is the important one, is bimply j^, (or the 
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value of Pa for the ship) divided by V I, and may be computed almost by 
a stroke of the pen. The remaining term, representing the friction 
correction, is always small, and sometimes negligible ; and it seems to me 
much better (and safer gainst mistakes) to compnte the important 
quantity by the above simple expression and take the correction separ- 
ately, than to pass the whole quantity unnecesBarily through the mill of 
U and T. In my eqnation U disappears altogether, and r is only required 
for the small corrective term. 

In the second place, for computing this corrective term, I simuld 
much prefer to substitnte for q another coefficient, say Q, where 

Q = ^ (ii) 

This with the sole object of making the value of the coefficient more 
nearly constant, so that the curves of the digram expressing it (see 
Diagram 1, Plate I.) may lie closer together, more conveniently for 
interpolation between them for intermediate length values. Indeed, 
with the aid of this divisor, the coefficient will become so constant for 
varying speed, that for very many cases, Q might be sufficiently expressed 
by a single curve to a base of varying length, for some medium speed. 
[The ordinates of this curve would be proportional to the values of 
(of the table in my Institution of Naval Architect's paper — see Mr. Udk'a 
Appendix A, page 86), for length L, mmm the v^ue for 100 feet 
length.] 

But, thirdly, accustomed as I am to the comforts of the system oseA 
at Haslar, I should be for an extension of the same expedient, in order to 
avoid the tremendous variation of ordinate value of the curves of pa (see 
DiagramsSandonwarda). towering out of the paper as they do, at one end. 
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negligible, while the additional labour in computation of the first term 
due to the V^ in the divisor is, as I think, amply repaid by the 
convenience of the approximate uniformity of value of /?d. 

But even so, I fear I should still bear a grudge against the presence 
of / in the numerator of the first term, as well as in the expression for t. 
This is to be got rid of by substituting D^m for Dm in the divisor, when 
we get 

^"^ [^ W^J ^ WY' " ^ looDs • • • • (^^•) 

Mr. Hok's professed object in lintroducing displacement into the 
divisor is to approximately eliminate the effect of differences in the 
displacements of ships of equal lengths, and this object will in theory 
(and for moderate speeds in fact) be more correctly achieved by using the 
two-thirds power of the displacement, as here proposed. The change 
therefore involves no departure from principle but rather the reverse. 

It will be observed that our first term (which is the whole value of jod 
neglecting skin friction correction) has now become simply the reciprocal 
of the venerable Admiralty displacement " constant ;" and it seems to me 
that in cutting out the V^ and substituting D for D^, Mr. Hok has in 
reality been dismissing an old and faithful servant without sufficient 
cause. 

It will also be noticed that in place of t we have now got a new 
coefficient — 

10^! = ^'^y (^'•) 

This coefficient corresponds to the coefficient S of my Institution of Naval 
Architect's paper, and is independent of scale for given form. Further, 
it is approximately independent of form for given general proportions, 
while it varies but moderately with variations of proportion, and for any 
vessel of ordinary character it may be expressed by the formula 

with accuracy abundantly sufficient for purposes of determining skin 
friction correction. An equivalent formula is in feet often so used at 
Haslar for the correction required in passing to large ships from the 
14 feet models used in the experiments, which, of course, requires a much 
greater percentage accuracy than does the correction from Mr. Hok*8 
standard 100 feet model. This constant 2 is in itself a generally con- 
venient one to use and have on record as characterising the proportionate 
amount of wetted surface of the design. 
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We thus get as the final fornmla, which I recommend as most suitable 
for Mr. Hok's principle of comparison — 

'" = BTTi - «^ (™-' 

and comparing this with my simplified version of Mr. Hok's formula in 
equation (i.) above, we see that the on)}' additional complications 
introduced have been the V in the divisor, and the D vice the simple D. 
Against these have to be set the following advantages ; — 

(1) V' expunged. 

(2) A diagram of Q much easier to compnte from than Mr. HoVs 

diagram ofq. 

(3) Instead of the coefficient t, which requires a computation of 

wetted surface, we have the generally convenient coefficient S, 
so nearly constant that it may often be assigned by guess quite 
accurately enongh, and can in any case be determined by the 
simple foimula of eqtiation (vi.) without any express computa- 
tion of surface. 

(4) Much flatter and more convenient final curves of po- 
Speaking generally, I would urge this consideration in favour of 

adjusting formulae so as both to use and yield values which approach 
constancy, namely, that the values can then be carried in the head with 
serviceable correctness. I have already drawn attention to this ad- 
vantage attacliing to the coeffieient 2, The same consideration applies 
to the values of po, and in mei'ely speaking of these above as giving 
"flatter and more convenient curves," I do not think I have done 
full justice to the advantages of formula (vii.). For the variations of 
ordinate !>ro so far moderate that the value of ^d for such or anch a type 
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comparisons were made, he thought that vessels of nearly the same size 
should be compared and the comparisons based upon ships of somewhat 
similar proportions. If this was not done, there would be considerable 
error in the approximate calculations, and this would be more likely to 
occur when block coefficients were used of diflferent dimensioned vessels, as 
these coefficients would not then bear a true relation to each other. To 
more clearly explain this he had prepared a number of midship sections 
of different vessels (see sketch) mentioned in the paper, and, he thought, 



Midship Sections 



Various Typbs 




even if these ships or sections were reduced to the 100 feet model, the 
likelihood of error would still remain. Mr. Hok had paid the Govern- 
ment a very great compliment for what they had done in increasing the 
speed of their ships, but in his (Mr. Sivewright's) opinion if shipbuilders 
had the same amount of money and latitude to design ships they would 
do quite as well as any Government. He noticed that Mr. Hok had 
strongly recommended an increase of beam to get more speed out of ships. 
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He (Mr. Bivewright) tboaght that an iDcrease of beam In a QoTernment 
ship was qaite a different tbiog to what could be done in sbipe for 
commercial or cargo poipoBee. The members would notice that big- 
beamed ahipe built for the Government (carrying no cargo) had 
practically all their bilges cut away, whereas when beam was added to 
au ordinary cargo steamer it was carried well down to the bottom of the 
yessel and was a different section alt(^ther. Speaking as a shipboilder, 
he had always thought there was far too mnch reliance placed upon 
measured mile trials made in smooth water. Were speeds of this 
description, got under moat exceptional circumstances, a proper measure 
of comparison with regard to the everyday trading of vessels ? Indeed, 
he would go farther, was the published data of speeds always to be relied 
upon ? It would afford a good t«st of the speed and sea-going qnatibies 
of some of the big-beamed Gotemment ships if they were run continuously 
at full speed over a voyage, the same as is done by the Atlantic liners 
and other passenger steamers. 

Prof. R. L. Weighton, M.A., saJd he thought the basis upon which 
Mr. Hok had gone in his paper was perfectly sound, and the only point 
that he should be inclined to take exception to would be the sweeping 
nature of some of the deductions at the end. He did not think that 
there was anything to be said against the general method of treatment 
adopted in the paper — that was, reducing the different ships to one denom- 
inator as regarded length. Bnt when they considered that the long list 
of trial data was got from very different sources as regards trial condi- 
tions, and with the individual circumstances of each of which they were 
unac'quainted, he did not think even comparative deductions could be 
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and speeds without having too much time in which to do it, there was a 
shorter way. From the progressive trials of a ship, a curve, the abscissae 
and ordinates of which were speeds and powers, could always be laid 
down without the need of any fresh calculation. Now, suppose they had 
to estimate the power. Pi, required to drive a similar proposed ship at a 
given speed, Vi. Let the length of the proposed ship be Li, the length 
of the type ship be L, and the speed of the type ship corresponding to Vi 
of the proposed ship be V, the procedure would be as follows : — 

1. -i = ? = ratio of dimensions. 
Li 

Y 

2. V = -yy = corresponding speed of type ship. 

V If 

3. From the speed and power curve of type ship, find by inspection 

the power P which was required to drive her at speed V. 

4. Pj = P ^ = power required to drive proposed ship at speed Vj. 

They had only the four steps, viz.: — (1) Find the ratio of the lengths, I ; 
(2) find the corresponding speed of the type ship ; (3) find the power for 
this speed by inspection ; and (4) find the required power of proposed 
ship. Now, he did not think there could be anything simpler than that, 
and he was sure it would be interesting to the meeting if he read a 
sentence or two;;from a letter he received the other day from Mr. John 
Inglis, President of the Institution of Engineers and Shipbuilders in 
Scotland, a gentleman who, next to the late Mr. William Denny, had 
been '[the means of popularising progressive trials of steamships. Mr. 
Inglis said : — " I have glanced over Mr. Hok's paper, which is full of 
interesting data. I think he comes pretty near the lines of a paper of 
mine read in 1877 before the Institute of Naval Architects. Then and 
afterwai'ds it was common enough here to reduce ships to similar displace- 
ments to get at the relative performances. But now, instead of having a 
lot of trials reduced to a sort of common denominator, we generally pick 
out a type ship from the i*ecorded trials and work from that ; and I 
think it is the easiest way. We have now about 1,000 runs on the 

measured mile to choose from I am thankful to say that I 

don't believe anybody will ever devise a means of accurately estimating 
speeds of steamers, and I am content to take my chance of hitting or 
missing with ordinary mortals. Nothing can supersede careful trials and 
accurate records." This was the opinion of no mean authority in the 
matter of steamship propulsion. He (Prof. Weighton) hoped Mr. Hok 
would not misunderstand him ; he did not find fault with the principle 
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of aDalysis expounded in the paper. But he thought there wag a simpler 
way of estimating — not necesBarily for analyaing. The corrections for 
engine friction and for length of surface could be made by Mr, Hok's 
method or otherwise, but, as Mr. Weir had well pointed out, compelled 
as they were to assume an equal propeller efficiency for all speeds, the 
variation in skin friction due to length eeemed really a matter of com- 
parative nniniportance. There was another point lie thought deserved 
consideration, that was, the relation between the coefficient of fineness 
and speed. He was inclined to think that as Mr. Hok gathered more 
experience he might alter his views with regard to that matter. In 
justice to Mr. H&k it must be noted that he refers to the table on 
page 33 of the paper as giving only a " faint indication of the fineness 
appropriate to speed." He (Prof. Weighton) had calculated the speeds 
appropriate to ships of 500 feet long for various coefficients of fineness 
on Mr. H6k's basis, and these are shown in column A in annexed table, 
the speed for w = '8 lieing taken at Mr. Hok's valne in each case : — 
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of course, mean the minimum horse-power per ton of cargo delivered at a 
given speed. And this is quite a different thing from displacement basis 
as a measure of efficiency. He thought Mr. Hok should make it clear as 
to what was precisely meant when he spoke about " progress," because, as 
it stood on the paper, there seemed just a trifle of doubt about it. 

Mr. J. Denholm Young thought that they must all agree in admir- 
ing Mr. Hok's paper. He did not think he was exaggerating or saying 
too much when he expressed the belief that the Institution ought to lie 
thankful to have such a paper in its Transactiofis. It was much easier to 
criticise a paper of this sort than to write it, and he trusted if he did 
say anything in criticising it, Mr. Hok would not think he was treating 
him harshly. Of course there was a difficulty in seizing upon some unit of 
comparison with regard to ships differing so widely in proportion and 
size. It seemed at first sight that almost any choice would lead to unfair 
comparisons. He did not think, however, that they should leave out of 
account that they were brought to one unit length, and approached much 
more nearly to the same cross-section than appeared from Mr. Sivewright's 
diagram. Then, as regards the choice of displacement as the unit of com- 
parison, undoubtedly displacement was a handy unit in this method of 
calculation ; but when it came to finding and comparing efficiencies and 
horse-powers, then I.H.P. per unit D^ would, perhaps, give them a fairer 
comparison between two different vessels, because D^ was a better measure 
for resistance than simple displacement. With regard to the limit of 
speed that Prof. Weighton had touched upon, it seemed to him that 
Mr. Hok had omitted to take into question the ratio of length to breadth, 
which was a very important factor in determining the hmit of speed to 
which a vessel could be driven. For instance, a vessel of 7 coefficient 
and 5^ beams to the length could not be driven,* roughly speaking, any 
faster with '8 coefficient and 8 beams to the length. Mr. Hok had 
referred to the large power which some fine boats took for driving at low 
speeds. Mr. Weir touched upon that point ; but he (Mr. Young) thought 
there was another thing which must be taken into account with some 
yachts of which they had speed curves. A good many were fitted with 
feathering propellers. He thought they were not in all circumstances the 
most efficient means of propulsion, and therefore they must discount 
something from them. With regard to the correction Mr. Hok had made 
for engine friction, he thought that an important item, and one rather 
difficult to arrive at. It had been debated for a good many years, and 
Mr, Hok had given them a curve — he must take it for granted a coiTect 
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curve — of what he had found to be engine friction correction on progres- 
sive trials. If one worked out this correction analytically he (Mr. Yonng) 
found that it could be given by the following equation : — 
1 {^ '^ \^ 

"='- ('-T_) 
which corresponded almost exactly with one of Mr. Hok's cnrves. Now, 
suppose he wished to compare, aa Mr. Hok had compared, ships with 
very different classes of engines: for instance, take a 16 knot vessel, 
having engines 18 inches, 29 inches, 46 inches, by 30 inches, worked at 
a high speed, say ISO revolutions, and making at that 1,000 horse-power ; 
compare that with a paddle engine 30 inches and 68 inches by 60 inches, 
working at about 50 revolutions, and making 1,000 horse-power at 
16 knots. They wanted to get at something like the initial friction 
differing so much in these engines. Instead of taking into account the 
masimnm speed and actual speed they wanted to get at some measure of 
what they would expect the initial friction to be in these engines. He 
thought it would depend upon the size of the engines, say as measured 
by the nominal horse-power. Now, suppose the speed to vary according 
to the cube root of the horee-power, they could substitute cube root of 
horse-power for speed, and then the question came, what standard ratio 
were they to take for indicated to and nominal horse-power ? He (Mr. 
Young) thought it would be best to take the highest probable ratio^ 
somewhat higher even would not matter, say 27 : 1, which would include 
torpedo boat engines. Taking that, then their correction became : — 

' ' \ Jsia.H.p.) V .1 V N.H.I'. ; 
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Mr. H. Withy said he desired a little infonnation from Mr. Hok on 
the point on page 33 referred to by Prof. Weighton, that of the tables of 
coefficients and speeds at which such ships could be economically driven. 
He took it from the table that a 400 feet ship with a coefficient of '8 
could not be driven economically over 11 knots. In ordinary practice a 
steamer intended for a speed of 11 knots would not be more than '74. 
His firm was building vessels of 5,700 tons displacement at a coefficient 
of '78, and they were driven about 9 knots with 13 to 16 tons of coal per 
day, and they considered this the maximum speed that could be economi- 
cally obtained from such vessels, yet Mr. Hok spoke of '8 coefficient for 
an 11 knot speed. Could a higher speed than 9 knots be reasonably 
expected from a vessel having a coefficient of '78 ? 

The President observed that the question of speeds was always 
one of great interest, and while Prof. Weighton had professed to be in 
the dark as to the nominal horse-power, he, as a shipbuilder, had often 
been in the dark as to what indicated horse-power really meant. He was 
once talking to an engineer, not far from Hartlepool, about powers, and 
he said if they took away the propeller the engine might indicate anything 
they liked. He found in practice a great difference in the relative values 
of nominal and indicated horse-power, and the effective power for driving 
a ship. There was a power engineers seemed to aim at which would 
bring the coal consumption down to 1*4 lbs. per indicated horse-power per 
hour, but this power did not appear to assist the speed of the ship. That 
which concerned them all was, what was the best speed, on a given dead- 
weight, that they could get on the most economical consumption of fuel ? 
He had a steamer which was exercising his mind. She was a full boat of 
•79 displacement coefficient, and carried 4,300 tons, consuming 19 tons of 
coal for 9 knots maximum. They had reduced the speed to 8 knots and 
she burned 12 tons. A sister ship, with 10 horse-power nominal less, went 
9 knots on 15 tons of coal. There was a case in point where they were 
burning 4 tons of coal per day to no purpose. He built a ship some 
years ago, and afterwards a sister ship, except that they put one foot more 
beam amidships, they kept the ends the same and took off the long 
straight side. The latter vessel carried more deadweight, had the same 
sized engines, with slightly larger boilers and coarser pitched propeller, 
and steamed about half a knot faster. He considered that the alteration 
of boilers and propeller might account for one quarter knot increase of 
speed, and that one quarter knot was due to the increased beam with 
comparatively finer ends, a circumstance which might be useful to Mr. 

VOL. X.-U«. ^ 
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Hdk in giving his reply. He receotly built a vessel which had given very 
satisfactory results, and had nndertakeu to biuld a similar one for some 
friends ; the length being the same, bnt the beam increased by 1 foot 10 
inches, and the depth reduced so that the draught wonid be 8^ inches lees. 
He expected to get a slightly better speed oat of the broader ship with 
the same engine power as in the original. That brought them to the 
question of the proportion of beam to length, referred to by Mr. Young, 
in low speed ships of 9 to 9J knots. He did not think the value of a 
paper consisted wholly in its length, bnt a good deal depended upon the 
discussion, and the kind of discussion. He ^'as sure Mr. H6k must be 
gratified by the way hia paper had been taken up, and the information 
brought out. He hoped Mr. Hok in hia reply would give them some 
further information that would add to their present knowledge. 

Mr. J. B. FoTHBBQiLL thought this paper offered a favourable 
opportunity to refer to the misleading expression — "coefficient of fine- 
ness." He need the word misleading aa referring to unpractical men, and 
particularly in reference to shipowners generally. To the naval architect 
or the shipbuilder the expression waa plain, and simply meant length, 
breadth, and draught into displacement, or the ratio the yolnme of the 
displacement bears to the block circumscTibing the immersed body, but to 
unpractical men it unfortunately conveyed a sense of the fineness of the 
bow. In fact, it was an everyday experience to hear a shipowner referring 
to some new ship as too bluff, or too fine, based on the coefficient of fine- 
neee being -8 or -76. He admitted they would not be far wrong in 
reference to known ships built by the eame firm on proportional dimen- 
eione, but suppose a shipowner was asking quotations from, say, half a 
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as to fineness, which might not be right at all. One shipbuilder he heard of 
took the draught, to obtain the block coefBcient, to the bottom of the 
keel ; another took the shell plating into account. These block coeflBcients 
alone were of little value as to the vessel's steaming qualities. There was 
no doubt that many people who had not taken the trouble to understand 
the meaning of the coeflBcients, and who tried to make comparisons from 
them alone, found the results very misleading ; because shipbuilders could 
so alter the midship section and ends of a vessel that the block coeflBcient 
alone did not indicate the true fineness of the water-lines. They might 
have a fineness of the midship section with full ends, or fuller midship 
section with finer ends, but the same block coeflBcent in each case. If they 
took a block coeflBcient of '76 on 14 feet draught, and -76 on 16 feet 
draught, they would get very different results ; and the relative value of 
these coeflBcients with 2 feet less draught was quite discernible on a 
model to the naked eye. If an owner was talking about '76 coeflBcient 
he would never think anything of the altered lines, which materially 
affected the speed. He therefore agreed with Mr. Sivewright in stating 
that if owners were to put themselves more into the hands of the builders, 
say in ordering a ship to carry 4,000 tons at 9 knots, and ask what was 
the best they could give them, it would be better than to say " Build a ship 
like so-and-so." The results would be more satisfactory than they were 
at present. 

Mr. A. McGlashan wished to say how much he appreciated the great 
labour of Mr. Hok in getting up such a paper. He thought probably 
for practical purposes Mr. Hok had done right in retaining displacement 
as the principal factor in estimating speed and engine power required. 
When comparing the amount of wetted surface in one ship having a 
given displacement, with that in another ship having the same displace- 
ment but different proportions of length, breadth, and draught, it was 
easy to show by assuming an impossible ship, having length and depth 
but little or no breadth, the great diflference there might be in the 
amounts of their wetted surfaces, and by that comparison to show how 
errors might occur in estimating speed or power from taking only 
displacement and not wetted surface into account. But there was not 
the same disproportion between wetted surface and displacement in 
ordinary ships, because the proportions of length, breadth, and draught 
did not, after all, vary to such an extent. Besides, the displacement 
was usually known for a vessel and was therefore a convenient quantity 
to use in estimating; and he thought the mass to be driven at a 
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pven speed would natnrallj be the main factor naed in estimating the 
power required to drive it. Other things had to be taken into 
account, and these Mr. Hok had noticed. For instance, how the sor- 
face friction resistance per unit of wetted surface decreases with increased 
length of ship. Of course, the wetted surface for taking into account 
the skin friction resistance was an element in the problem, but It and 
other elements were usuallj proportionate to a function, of the displace- 
ment. It had been point«d out in the discussion that the usual block 
coefficient of displacement did not indicate exactly the comparative 
finenesB of the ends of vessels, and that was quite true when their 
coefficients of immersed midship section areas were different. Suppose 
an extreme case : if one vessel had a displacement coefficient of *72, and 
of immersed midship section area of -g, the coefficient of fineness of the 
ends would be '72 -^ '9 = -8 ; while another ship, having the same 
coefficient of displacement, '72, but with that of inmiersed midship 
section area -8, the coefficient of finehess of ends would be '72 -^ "8 = '9, 
which would be much less suitable for driving at a moderate speed than 
the other, though both had the same displacement coefficient. He 
thought the reason why the mean angles of the entrance and of the run of 
vessels were not usually recorded or spoken of was because there was not 
any rule by which they could use them to advantage in computing speeds 
and engine powers. For many years attempts had been made to form 
such rules, but those tried had not been more successfiil than the 
usual methods of calculation. The old Admiralty fonnula was still 
useful for ordinary estimates when dealii^ with vessels not differing 
very widely from other vessels, the performances of which were known. 
He very much valued the information given in Mr. Hok's paper as to 
ilni actual speed perform ancca of a wide range of ships, and bo thought 




DISCUSSION — STEAMSHIP PERFORMANCES, ETC. 65 

of these speeds, and he had better point out that they were not the 
most economical speeds by any means as some speakers understood them 
to be. They would see by referring to the paper that what he really said 
was that these speeds should on no account be exceeded, which was a very 
different thing indeed. Apart from that, the table was necessarily a very 
approximate affair, and what he wanted to convey by it was the intimate 
connection between speed and fineness. He also wanted to say a word 
respecting Mr. Fronde's communication, which was to this effect : that the 
first equation (i.) in it was a distinct improvement on his (Mr. Hok's) 
own method. He received Mr. Fronde's communication about a week ago, 
and now he had much pleasure in telling them that he had been able to 
simplify his own method to a very great extent. They would find by 
referring to his paper that he had to calculate three quantities U, S, and t. 
Mr. Fronde showed how to get rid of U, and in this lay the great value 
to him of Mr. Fronde's equation (i.). Since then he (Mr. Hok) had suc- 
ceeded in simplifying still further his method, and had been able to do away 
not only with the wet surface S but also t (the latter at least for all purposes 
of calculation). So to use the method in its simplified form they did not, 
practically speaking, require to calculate anything at all. They had only 
to take from Diagrams 9, 10, or 11, Plates IX., X., and XI., what he called 
Pdi which was the indicated horse-power per ton of displacement for 100 
feet model, then from Diagram 1, Plate I., take the skin friction cor- 
rection q^ then t from a third diagram consisting of a single curve, 
which he was going to add to the paper, multiply q by t, add qr 
to Pdj and multiply the sum pj^ + qr by displacement x s/l. This 
was now the whole calculation. He merely wanted to give notice 
of this simplification now. He intended to make an addition to the 
paper, which would be found in his reply proper explanatory of the way 
he had deduced his new method. He thanked them very much for the 
spirited discussion and their kind appreciation of his paper. 

The discussion was adjourned. 
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THE DANGEROUS WORKING HEAT OF MILD STEEL, AND 
THE EFFECT OF ANNEALING AND AIR COOLING. 



By JOSEPH NODDER. 



[Read before the Institution in West Hartlepool, on 
Saturday, November 25th, 1893.] 



The more general use of Siemens-Martin steel for boiler pmposes is 
perhaps limited by fifteen years. In its early days it was looked upon 
with considerable misgivings, which even to-day exist in the minds of not 
a few boilermakers and engineers, and the references to the " iron plates 
of years ago," and the fitful questioning about " high tensiles " and " low 
tensiles " — ^the questioner meaning by the first 30 tons tensile, and by the 
latter 26 tons tensile — all go to show that the knowledge of the failures 
of Siemens steel are matters of wider acquaintance than the causes of such 
failures, the steel and the steel-maker frequently receiving the blame that 
should be given to other people. 

The most reliable and satisfactory results from Siemens-Martin mild 
steel are obtained from material of 26 to 30 tons tensile, and not less than 
20 per cent, elongation in 8 inches, the distinction between high and low 
tensiles within this limit being a fallacy. Steel of 26 tons tensile or 30 
tons tensile can be produced from the same ingot almost at the will of the 
plate roller, certainly without any variation of the chemical constituents 
of the material, and the same failures can be produced by mechanical 
treatment in steel plates anywhere from 24 tons to 30 tons tensile strain 
to the square inch. 

Basic and Bessemer steels are subject to the same weaknesses, though 
Bessemer steel develops faults in working out of a fire that make it 
unsuitable for general boiler work, and its use is very limited. Basic 
steel, if made on the open-hearth system, gives very similar results to the 
Siemens-Martin steel, as Table III., page 74, of experiments will show ; 
but practical experience has not yet developed sufficient confidence in its 
use as a substitute for Siemens steel in external and internal fiangod 
boiler work. 
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Ad increased elongation, Bay to 25 per cent, in 8 inches of steel 30 
tons tensile would show greater ductility than 24 tons tensile with only 
20 per cent, elongation. This is a point that is generally overlooked, a 
demand being made for a lower tensile rather than an increased elongation. 
Similarly, much is made of a " flanging test," but the only reliable test of 
steel is that obtained by the actual measurement of the force applied and 
represented by the tons tensile and the percentage of elongation. 

Bending tests — cold, hot, and quenched — are useful aids, the latter 
especially, but unless the force used for bending is accurately measured 
the test cannot be tabulated, and is only of service in conjunction with 
the tensile tests. 

An elaborate series of over 500 experimental and comparative testa of 
Siemens and Bessemer steel and B.B. and Bowling iron were made in 
1881 by a very careful Admiralty surveyor, the late Mr. J. F. Barnaby, 
and from his notes Tables IV., V., and VI., pages 75-77, showing the 
behaviour of Siemens steel under varying temperatures and continued 
exposure to Same, are extracted, and it wiU be noticed tliat a temperature 
of 400 degs., or what is known as "black hot," gives the worst results 
ill tensile strain and elongation. 

A paper read by Mr. C. E. Stromeyer, of Lloyd's Registry, before the 
Institution of Civil Engineers in 1886, dealt with the "efTecte of blue 
heat on steel and iron," meaning by "blue heat" 470 to 600 degs. 
Fah., at which heat he concluded there was the most risk in working 
iron and steel. 

Experiments conducted at Messrs. John Brown & Co.'b works in 1892 
and 1893 would place the dangerous heat nearer 400 d^s. as in the 
experiments referred to in 1881 ; and also that Siemens or basic steel 
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This experiment was repeated upon another plate (experiments No. 15, 
6, and No. 16, P 6) ; this plate as received from the mill (see No. 10, 
J 6) gave 27*2 tons tensile per square inch with an elongation of 26 per 
cent, in 8 inches, but after ten minutes of acquaintance with a heater 
or a temperature of about 600 degs. and 70 blows from a 9 lb. hammer 
on an anvil, the result was a rise in tensile to 31*3, and a fall in elongation 
to 13 per cent. = a loss of 46 per cent, of the ductility ; again, repeating 
the heat of 400 degs. in No. 16, P 6, with a heater for five minutes, and 
less work on the anvil, the result was a further rise in tensile to 32*3 tons 
and a further decrease in elongation to 10 per cent. = a total loss of 
ductility of 61 per cent. It is beyond question that this serious depre- 
ciation of the material arose from the heating, for experiment No. 5, 
mark E 5, after 75 blows from a 9 lb. hammer on an anvil gave but 
slightly varied results from its original condition, viz., 27*7 tons tensile 
per square inch as against 27*3, elongation 28 per cent, as against 29 per 
cent., practically no change. 

Test No. 18, R 6, compared with No. 19, S 6, shows the healing effects 
of annealing upon this material after it had been hardly dealt with by 
heaters and hammering. These two pieces were subjected to identical 
treatment, excepting that No. 19, S 6, was afterwards annealed. No. 18 
gave 88*4 tons per square inch tensile against No. 19, 28*1, with an 
elongation in 8 inches of only 9 per cent, as against 28 per cent, of the 
annealed test, proving conclusively the restorative power of annealing and 
its necessity and importance as a final process on Siemens steel that has 
been heated and worked in any way, whether by the manufecturcr, or the 
boilermaker, if failures are to be avoided. 

The results of a long series of tests would teach that the heating 
and reheating of Siemens steel makes little or no difiFerence to the 
structure of the material when cold, providing no work has been put upon 
it between 400 and 600 degs., and also that steel may be hammered and 
bent cold without detriment. 

Annealing is another of the vexed questions that surround steel, and 
the effect of air cooling has been the basis of much theorizing upon the 
causes of failed furnaces, tube plates, etc. Wholesale deterioration by 
over annealing has also been charged against this material, and a reference 
to a series of tests in Tables I. and II., pages 72 and 73, will be of service. 
Test Nq. 9, 1 6, was left in the annealing furnace 4 hours, heat of fur- 
nace 1,500 degs. (taken by Siemens's galvanometer), afterwards cooled in 
open shop, the result was a decrease of tensile from 27'2 to 26*2 tons and 
an increase of elongation from 26 per cent, to 32 per cent, (compare No. 
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10, J 6, with No. 9, I 6). Yarions modes of heating and cooling were 
tried on plate No. 7. Experiments 20 to 28, Table II., No. 26, Q 7, 
shoffB the origiual condition of plate as received from the rolling mill 
with a tensile of 27*5 tons per square inch and an elongation of 34 per 
cent, in 8 inches. No. 20, A 7, heated to 1,100 degs. and cooled off on 
the raiiwaj side — an exposed place — with the temperature at 45 degs. 
still gave a tensile of 27'5 and an elongation of 33 per cent., and No. 
25, F 7, heated to 1,500 degs. in a coke fire, and then cooled off in four 
minutes by cold blast at 10 lbs. pressure, gave a tensile of SS'O tons per 
square inch, and an elongation of 27 per cent., while the annealing, re- 
annealing, and cooling four times in succession of test No. 13, L 6 
(compare with No. 9, 1 6), gave a decrease of ^ ton tensile and an increase 
of 4 per cent, in elongation. The whole results clearly prove that air 
cooling, even under extreme variations of temperature, can make no 
appreciable difference to this class of material. 

The same cannot be said of water cooling, and a comparison of tests 
No. 1, A 5 and No. 3, C 5, show a marked change, and an increase of 10 
tons per square inch tensile, with a decrease of 51 j per cent, of elonga- 
tion, after heating to 1,500 degs. and cooling in water at a temperature 
of 60 degs., making the material quite unfit for service without ^ain 
reheating. 

DiiTerent kinds of work put upon tests No. 6, F 5 ; No. 7, G 5 ; 
No. 8, H 5 ; and No. 17, Q 6, and a comparison with original conditions 
in No. 1, A 5, and No. 10, J 6, will teadi that whatever the class of 
work, whether flanging as in Nos. 7 and 8, or the violent distortion of 
structure by "jumpii^ up" the thickness of No, 17, the material, if 
annealed after working, is as good as ever. No. 6, F 5, was only partially 
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be verified at any time. In fact he should like very much if those 
who had the opportunity would repeat the experiments for themselves. 
As regarded Messrs. John Brown & Co. and basic steel, they did not use 
it at all, but he was asked to try what a similar series of experiments 
would show on basic as compared with Siemens, and that was the reason 
why it appeared. A few days ago he heard from Mr. Milton, who seemed 
to think it would be more to the purpose if he had taken a much lower 
tensile Siemens steel. They had heard something about Siemens steel 
of 22 tons tensile ; but in his view it was not an article that was on the 
market. They had got Siemens steel as low as 24 tons, and he hoped at 
some early date to repeat the experiments on it, and show conclusively 
that, no matter what the tensile strength might be, if they worked steel 
at a heat between 400 and 600 degs., they ran the tensile up unduly, and 
necessarily decreased the elongation, which he took to be the real measure 
of the ductility of steel, that is, elongation within a certain length. 
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DISCUSSION. 

Mr, G, W. SiVBWRiGHT complimented Mr. Nodder upon the concise 
manner in which his paper was written, and although it was not a lengthy 
one, yet the lai^ number of teats made the paper valuable for reference, 
and it seemed a pity with ao many steel-makers in our midst that more 
papers of this description were not read before the Institution, It was 
evident from an examination of the chemical analysis of the test pieces 
and from the results obtained that the etcel was of a superior quality; 
indeed, if the phosphorus and sulphur had been eliminated the steel 
would have been practically perfect. If it were possible to get the 
two latter ingredients out of the steel he thought that several of the 
tests would have been materially altered, more especially, when work 
had been put upon it in a partly heated condition. He was not 
aware that shipbuilders and engineers, as a rule, had objected so much 
to high tensile steel, bat what they had noticed was that the failures of 
steel were more in evidence in high tensile than in low tensile steel, and 
probably Mr. Nodder, as an experienced steel-maker, would possibly 
enlighten them on this point. An eminent ateel-makor a short time ago 
stated that the vibration which was supposed to exist in one of the latest 
fast Atlantic liners would have been prevented if the st«el had been of GO 
tons tensile, but he (Mr. Sivewright) thought that this vibration in the 
sister ship had been overcome by simply altering the propellers. On the 
second page of the paper the writer inferred that the flanging test was not 
of much importance, but, if the tensile test was of any consequence at all, 
he (Mr. Sivewi'iglit) thou.ght that the iJangiii-; test. whic)i was imothfi 
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annealing. He noticed in the paper that steel of Siemens manufacture 
may be hanmiered and bent cold without detriment. He was glad to 
have a steel-maker of Mr. Nodder's experience state so definitely that this 
was the case, as one of the greatest objections from certain interested 
parties was that cold flanging, as practised in shipyards, would set up 
such a stress in the material that the steel would be unreliable. He (Mr. 
Sivewright) had cold flanged steel in every possible way and in very large 
quantities, and in actual use flanged plates pitted against any other form 
of riveted work had stood the test very satisfactorily. 

Mr. T. Westgarth thought the testing of steel plates was a great 
bugbear to boilermakers and shipbuilders, because if a plate was sent in 
which would not stand the work required to be put upon it the steel- 
maker at once turned up a copy of his tests and asserted that the plate 
was perfect, and the fault must lie with the treatment which it had 
received. His opinion was that the best of all tests was the manner in 
which the plate stood the work to be put upon it, and he considered that 
it should be the business of steel-makers who sold plates for ship and for 
boiler work to provide material which would stand the ordinary methods 
of manipulation. He agreed with Mr. Sivewright that by careful manipu- 
lation of test pieces almost any result could be attained. It so happened 
that when the speaker was a junior he had to make a great many tests 
in the early days of steel, and he soon found out how to get good results. 
Another difficulty which he hoped would be discussed, was the question of 
using heaters for closing plates. With the best workmanship it was some- 
times necessary to close joints, etc., and foremen and workmen always 
insisted that this could not be done without heaters, and they declared 
that it was often quite impracticable to close a place without first applying 
heaters. He hoped that some of the practical members of the Institution 
would give their experience upon this important matter. 

The President did not think the meeting should be under the impres- 
sion that, because certain questions were raised about steel, there was 
a danger of setting people against its use. That would apply equally well 
to iron. As a shipbuilder he quite agreed with what Mr. Westgarth had 
said as to the result of the working of material being the best criterion of 
its quality ; any defects were generally found in the punching and bending 
of plates. He had seen an iron plate thrown off a lorry, on to a stone 
pavement, picked up in two pieces. He had a steel oxter plate put on 
a ship overnight, a keen frost set in, and in the morning they found the 
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plate cracked all throngh. That plate had not been annealed, but simply 
punched. He kept the plale in the yard for the benefit of those gentlemen 
interested, and sent it back to the steel-makers, but they held that they 
were not responBible for a plate after delivery. He was now keeping a 
record of anch cases. It was rather a curious circntastance that when 
they first commenced using Siemens-Martin steel they had not a failure 
over a considerahle period, but within the last few years, in bending plates 
cold, they had had several failures, What was the cause of these failures 
he could not explain, bub it seemed rather curious that when steel first 
ciune in there were no faUmeB reported, while within the last two or three 
years they had frequently occnrred. 

Mr. Webtqaeth — You say yon have had trouble now in cold flanging 
— did yon cold flai^e them at first ? 

The Pbebidunt — No ; they were bent iji the way usual to iron plates, 
but for some years now all their steel plates were flanged by a hydraulic 
bending machine. 

Mr. R, WoTHERBPOON thought they would be all ^reed that a more 
Important subject than that -introduced by Mr, Nodder could not be 
brought before them. The subject of steel had exercised and often per- 
plexed the minds of engineers far more than ever it had Bhipbuilders, as 
the department of engineers led them to see that the boilers were properly 
constructed, and the material properly manipulated in the yard. Mr. 
Nodder in his paper had stated that " The results of a long series of teats 
would teach that the heating and reheating of Siemens steel made little 
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and heated in the same furnace, and rolled into a similar plate. In slab 
form it had '12 per cent, carbon, and '024 per cent, sulphur, and in the 
finished plate had '17 per cent, carbon, and '048 per cent, sulphur. It 
was proved from these results that the steel had absorbed both carbon and 
sulphur (the latter to a large extent) during the process of heating, the sul- 
phur tending to make it hot short, and the carbon tending to make it 
brittle. Mr. Westgarth had spoken of the failure of plates in boiler shops, 
but if they considered the treatment which a plate over 1 inch in thick- 
ness receives in the operation of hand flanging the cause of many failures 
would not be difficult to find out, more especially when they considered the 
fact that the failure of plates during the operation of flanging was practically 
unknown where they are not overheated, and where efficient flanging 
machinery is employed, and the plates properly annealed. But if they left 
the important question of treatment to the one side and consider the 
element of fire there is something in this well worth investigating. 

Mr. SiVEWBiGHT said they were given to understand by the manufec- 
turers of steel that it was difficult to get the sulphur out of it, and he 
thought it would be equally difficult to get it in again. 

Mr. WoTHEBSPOON said he could give Mr. Sivewright the analysis 
of the steel before being heated at all, it was when heated to some 
extent like a sponge. 

Mr. A. McGlashan said, from observation of many hundreds of tons 
of steel used in shipbuilding he had seen no signs of the quality 
deteriorating in late years. It showed itself at least equal to the steel of 
former years. He remembered, about fourteen years ago, on a very large 
ship about ready for launching that a boss plate was fixed and in course 
of being riveted. During the dinner hour something happened with it, 
for when the riveters came back to it they found on close examination 
that is was fractured over the greater extent of its surface, with scarcely 
a part, the size of one's hand, that had not fractures in it. He remembered, 
too, that from then down till after the time when steel was introduced on 
this coast for building cargo vessels a large number of failures took place 
in the manipulation of plates, and surveyors and others who had a 
knowledge of the properties of steel, derived, no doubt, from such tests as 
those referred to in the paper, pointed out to foremen and others the great 
danger of working steel at what was called a blue heat. He believed an 
acquaintance with that danger had done a great deal to reduce the 
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namber of failnree of plates. In fact, ship after ship was bailt, in 
ordinary ciTcamBtances, without a single &iltire occurring. Sometimes a 
plate wonld break in cold Banging, but with au easy radius on the bearing 
Burlace of the flanging machine they scarcely ever had a failure. He 
mentioned these facts as being interesting from a practical point of view. 

The discussion stood adjonrned. 



The Pbesibeut expressed his pleasure at the nsnal lai^ attendance 
and the excellent discnssionB they always had when meeting at West 
Hartlepool. 

The meeting then dissolved. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Tenth Session, 1893-94. 



PROCEEDINGS. 



THIRD GENERAL MEETING OF THE SESSION, HELD IN THE 
LECTURE HALL OF THE SUBSCRIPTION LITERARY SOCIETY, 
SUNDERLAND, ON WEDNESDAY EVENING, DECEMBER 20th, 1893. 



ROBERT THOMPSON. Esq., Phesidbnt, in the Chair. 



The Secretary read the minutes of the last General Meeting, held 
in West Hartlepool, on Saturday, November 25th, 1893, which were 
approved by the members present, and signed by the President. 

The ballot for new members having been taken, the President 
appointed Messrs. J. R. Fothergill and H. MacoU to examine the voting 
papers, and the following gentlemen were declared elected : — 

MEMBERS. 

Eg^n, James, E. Draughtsman, Yonng Street, West Hartlepool. 

Dixon, James, Marine Draughtsman, Wincomblee, Walker-oU'Tyne. 

Hepple, William Thos. , Engineering Manager, Messrs. Hepple k Co., Engineers, 
Wapping Street, South Shields. 

Kelsej, William, Engineer, 4, Lily Avenue, Jesmond, Newcastle-on-Tyne. 

Meldrum, Michael, Supt. Engineer, 2, Belle Vue Crescent, Sunderland. 

Wait, Thos. Herbert, Consulting Engineer, Call's Buildings Quayside, Newcastle- 
on-Tyne. 

Walton, Samuel, Inspecting Engineer, 84, Pollard Street, South Shields. 

Ward, Mark M., Engineer, 76, Church Street, West Hartlepool. 

Wimble, Arthur, E. Draughtsman, c/o Messrs. Wigham Richardson k Co., 
Neptune Works, Walker-on-Tyne. 

Wood, Henry Alfred, Chief Ship Draughtsman, c/o Messrs. W. PickersgillA Sons, 
Sunderland. 



TOL. Z.-1W3. 
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GRADUATES. 



Beilb;, Nomwu Harrj, Apprentice Engineer, 27, Eldon Square, Newcutle-on- 

Tjne. 
Bertrun, Robt Thompson, Apprentice Engineer, 41, Clajton Park Sqnue, 

Newc«stIe-on-Tjne. 
Cowell, Richard E., Apprentice Engineer, Hontpellier, SunderlsDil. 
Fearce, Standeo L,, Apprentice Engineer, 42, Milton Street, West HaTtlepaol. 
Hancock, Walter, Apprentice Naval Architect, 8, Washington Terrace, North 

Shields. 
Robinson, Charles O,, Apprentice Engineer, Ingleeide, North Shields- 
Simpson, Kenneth, Ship Dranghtsman, 33, North View, Heaton, Nencastle-on- 

Tyne. 
Smith, William S., Ship Dranghtsms 
Thomas, Harold, Ship Draughtnuan 



The diBcnssion on Mr. W. Hok's paper " On a Method of Comparing 
SteamBhip PerfonnanceB and of Estimatiiig Powers and Speeds of ShipB " 



The discnssion on Mr. J. Nodder's paper on " The Dangerons Work- 
ing Heat of Mild Steel and the Effect of Annealing and Air Cooling " 
was concluded. 

Mr. Peask Oaws read a paper " On certain Principles of Motion, as 
tanght by the Pendalnm ; and as illuetrated hy the Resistance of Ships 
and other Bodies moving through Fluids ; together with a brief sketch 
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ADJOURNED DISCUSSION ON MR. W. HOK'S PAPER " ON A 
METHOD OF COMPARING STEAJtfSHIP PERFORMANCES 
AND OF ESTIMATING POWERS AND SPEEDS OF SHIPS." 

Mr. James Patterson said he had devoted what spare time he had 
had at his disposal to an examination of this paper. There was a great 
deal of matter in it, and it took a great deal of examination. He had 
found it impossible to go into the whole of the details. The paper 
divided itself naturally into two parts : there was the method of recording 
data, and there were the conclusions drawn on different subjects upon 
which the method of analysis was supposed to throw light. He would 
take them in the reverse order, as he thought the conclusions would throw 
a great deal of light upon the method. The first one to which he would 
direct their attention was the one with regard to triple screws. Mr. Hok 
here took the case of the steamer " Tripoli." He said that when driven 
by two of her screws the efficiency was about the same as when all three 
were in use, but when J driven by one only the result was much inferior; 
therefore single screw propulsion was inferior to twin-screw or triple- 
screw propulsion. Now, that was simply a confusion of ideas. The 
vessel was designed for three screws, and presumably the three screws 
were proportioned for the work they had to do, in which case the one 
screw would, roughly speaking, be about one-third what it should be as 
a single screw, and they could not expect efficiency from a propeller one- 
third the proper size for its work. The confusion of ideas was so apparent 
in this conclusion that it was hardly necessary to point it out, but he 
brought it forward because in each of the conclusions he had examined 
in this paper he found a similar, though less evident, confusion of ideas. 
Rather than taking (them in order, he would refer to one of the most 
important, viz., to the paragraph where Mr. Hok compared transatlantic 
liners with Government cruisers, and advocated strongly a form of ship 
of the " Edgar " or " Blenheim " type, as their " performance was unap- 
proached by anything in the mercantile marine," and then speculates on 
" what changes in the building rules would make it profitable, and what 
alterations to docks, harbours, and rivers would make it possible" to 
adopt that form. To' commence with, Mr. Hok in his conclusion begs 
the question, for undoubtedly before pronouncing in favour of any one 
form rather than another for the transatlantic service, many things 
would need consideration, such as relative weight of hull and deadweight, 
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total coal consamed and to be carried, relative performance in a sea-way 
(which is very different from a smooth water trial trip), and other things. 
But pass this over and accept Mr. Hdk's basis of comparison, viz., I.H.P. 
per ton of displacement at given speed in smooth water, and see to what it 
leads. Take the "Oity of Paris" form. No. 82 ship, to represent the trans- 
atlantic Uners, and the " Blenheim" form to represent the Admiralty design. 
Referring to Diagram No. 9, Plate IX., it is seen that 9 knote is a snitable 
speed at which to make the comparison, being nearly full speed for No. 32 
ship. At that speed the I.H.P. required per ton for No. 32 is -71. Now, 
another ship of the same form but of doable the size, that is donble the 
displacement, will by no means require double the horse-power to drive it 
the same speed (this is of course well known from the laws of propulsion, 
and proof here is unnecessary), therefore, as it is form we have under 
consideration, and as for the same form and same speed the horse-power 
per ton of displacement varies with the size we mnat fii the displacement 
at which that variable is to be taken as the measure of performance, 
otherwise its value may be anything we like to make it. Take, 
therefore, the " City of Paris " form at the size of No. 32 model, viz., 
798 tons. The I.H.P. required to drive this model 9 knots is between 
5G aud 57. A ship of the same size of the " Blenheim " form would be 
about 77 feet long and require between 53 and 54 I.H.P. for the same 
speed. There is a gain, bat nothing like what Mr. Hok argued. If, 
however, instead of adding largely to the beam and draught, and shorten- 
ing the " City of Paris " aa advocated, we keep the same beam, increase 
the draught somewhat, and lengthen her, we get a ship of form No. 15, the 
" Yesuvins," which, on making the calculation, will be found to require 
at the same displacement only 40 I.H.P. for 9 knots, therefore, at this 
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compare the one with the other, on the basis of I.H.P. per ton of 
displacement, they must refer the forms to the same displacement. 
As to the question of cargo steamers compared with Admiralty design, if 
Mr. Hok's whole contention was that their present cargo steamers could 
not be driven economically at high speeds, well, they knew that, nor 
did he wish to dispute it ; but Mr. Hok did not content himself with that, 
he said that even at the economic speeds of modern cargo steamers, the 
Admiralty designs (instancing No. 140 and others) were much better. 
Of modem cargo steamers, on which he was basing this conclusion, 
there were on the whole list only two steamers of a coefficient of 
fineness more than '69, a slender basis to build on, but if representative 
types no fault can be found on that score, but to compare No. 92 of 143 
tons with a steamer No. 140 of 280 tons or thereabouts, they must first 
go through a long figuring process to reduce the one ship to the same 
displacement as the other, and see if it would be carried on the same 
horse-power. He (Mr. Patterson) had not gone through that figuring, 
but from the look of the curves he thought there would not be much in 
it ; there might be something. In the engine friction matter he did not 
think Mr. Hok was justified in his conclusion altogether. He (Mr. 
Patterson) did not say he was wrong, but as far as the paper went he did 
not think it justified the conclusion that he came to. Other speakers 
had shown that in some cases the effect due to ratio of wetted surface to 
displacement had been confused with effect due to excessive engine 
friction. On another point Mr. Hok instanced the " Umbria " and the 
"City of Paris" as examples to prove that two engines had more 
friction in proportion to power than one. The " City of Paris " curve 
showed greater efficiency at the high powers, and the " Umbria " at the 
low powers. Now, with nothing in the paper to prove that that was due 
to engine friction he said that Mr. Hok was not justified in his conclusion. 
In all probability the " Umbria's " propeller was as large as it could be 
made on the draught available. He knew of a ship from the same builders 
for the same company, the " Alaska," with less power and less speed had 
as big a propeller as they could get in, with the limitation of draught. 
Therefore the "Umbria's" propeller probably might be slightly small 
for the higher speeds, and the " City of Paris's " twin-screws would not 
be limited in such a way, and would therefore give greater efficiency at 
those speeds but at the lower speeds, probably the "Umbria's" propeller 
would be the better proportioned and give better results. He did not say 
it was 80, but it might be as far as there was anything in the paper to 
the contrary. They would see, therefore, he was at issue with Mr. Hok 
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in the main conclusions and proceBB of making the dednctiona from the 
curves on his paper, and he thonght tliat the writer had been led astray 
by the adoption of an unsuitable basis of comparison, not bat that any- 
body might choose displacement, per se, as a basis of comparison ; bat 
it was necessary in making dednctiona to remember that this basis had 
been taken. Mr. Froude used displacement (with an appropriate index), 
but recognised that it was his basis of comparison, and laid down the 
speeds as the sixth root of the displacement, not as the square root of the 
length of the ship, and in that way he eliminated size, and could compare 
directly on the same ordinate one ship with another for any given speed. 
Another advantage was gained by taking D' instead of the displacement 
itself, because In similar ships D* was an exact measure of the wetted 
surface, and therefore for low speeds measure of the resistance, and for 
dissimilar forms it still approximately measured the wetted surface. In 
the case of shallow ships, of course, they would find that there was far 
more wetted surface per ton of displacement than there was in deep ships, 
and that, of course, would make their curves show that the shallow ships 
were less efficient than the others, and they were so, as Mr. Hok con- 
tended, but the curves he plotted of I.H.P. per ton of displacement gave 
no reason for this, and one was apt to apply the reason to some other 
cause, as Mr. Hok had done in his paper. To turn now from destructive 
to constructive criticism, he believed that if they wanted to record trial 
data for the general purposes of the naval architect he would be a very 
good man who would improve upon Mr. Proude'a method. It was a very 
comprehensive, a very good method. On the other hand, an ei^ineer did 
not want to deal with all the problems of the naval architect. The 
engineer's problem was this : given a certain size of ship of given propor- 
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that, and how much for wave-making resistance, to deal with which 
separately, guided by the angles of the entrance and run of the ship, 
would be much easier than if mixed up with the resistance of the wetted 
surface. By that means he thought the engineer would get a very 
much simpler formula, which would be absolutely accurate for similar 
ships, and much more nearly accurate for dissimilar ones than Mr. Hok's 
method of using I.H.P. per ton of displacement for the measure. 

Mr. Geo. N. Arnison, Jun., said that without having considered 
Mr. Hok's paper as ftilly as the previous speaker, yet some of the conclu- 
sions given in the " Analysis of Trial Data and Comparison of Steamship 
Performances," on pages 29, etc., had specially attracted his attention. 
Amongst the number was the fifth, which was entitled "Single Screw 
versus Twin Screws." Here Mr. Hok said " A glance at Diagrams 4, 5, 
6, and 7 shows conclusively that, generally speaking, tmn-screws are 
superior to the single screwy He (Mr. Arnison) thought it would have 
been better if "generally speaking" had been further explained. Anyone 
might almost come to the conclusion that Mr. Hok considered in an 
ordinary screw collier twin-screws would be more efficient than a single 
screw. Possibly Mr. Hok would in his reply state whether that was his 
opinion. Probably, however, he meant that in vessels having powerful 
engines, e,g.^ of 10,000 I.H.P. and upwards, twin-screws were more 
efficient than single screws, and also in the case of steamers which had 
to trade in a very shallow draught of water. Again, in the paragraph 
entitled "Paddle Wheels," Mr. Hok states they "appear less efficient 
than screws. However, their inefficiency is purely chimerical, and is due 
to the shallow draught and its accompanying increase of resistance." 
This conclusion had already been referred to by the previous speaker 
(Mr. Patterson), who apparently was of opinion that the inefficiency was 
due to the shallowness of the vessel necessitating a relatively great wetted 
surface. He (Mr. Arnison) thought on reflection Mr. Patterson would 
remember that when shallow vessels were in shallow waters there was 
increased resistance. 

Mr. Pattbeson — You should have the deep-water trials. 

Mr. Ahnison — No doubt ; but some of the results in the paper may 
be those obtained under the ordinary circumstances of the vessel's steam- 
ing in shallow waters. However, the general remark that excessive wetted 
surface explained the inefficiency of paddle wheel steamers was not in his 
(Mr. Amison's) opinion completely satisfectory. 
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Althongh it seems to me that Mr. Rok's method is not more accurate, 
but certainly more complicated, than Bnch methods as those by Mr. J. 
Inglis and Prof. Biles, I will not by any means detract from its value 
but add my testimony as to its high merit among the papers in the 
Transactions. 

Yonre faithfully, 

J. JOHNBON. 

SUKDERLAKD, 

Dear Mr. Ddck:tt, December Ifl/A, 1893. 

The Admiralty method of comparing vessels is somewhat similar to 
that suggested by Mr. Hok in his paper, except that in their case the form 
alone is compared ; all vessels being reduced to a common basis with a 
curve of sectional areas appended, the differences being then easily and 
accurately ascribed to their true sonrce. 

On the other hand, the method before the Institution can only result 
in perpetuating the errors of the past. This appears when you consider 
that the efficiency of the propeller, (he moat vital element in tke fombinaOoti, 
is left untouched. 

The Atlantic steamers are probably the most inefficient type of vessel 
running, principally on this ground, as is shown by Mr. Hfik's graphic 
curves. More particularly is this evident when the question is asked if 
the " Edgar" type should not become the Atlantic liner of the future ? 

On stability, unsinkabiUty, and speed grounds alone, one is led to the 
belief that this is imperative, whilst on commercial grounds it seems also 
more desirable. 

What registry societies will do in that event can hardly be predicted. 
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efficiency of the screws. This warrants the assertion that the dimensions 
of the present Atlantic liners call for a considerably higher speed than that 
yet attained. 

If, however, quicker running machinery be practicable, and there 
seems no reason otherwise, more satisfactory results will obtain. This is 
important in view of the celebrated " Iris " trials, although many other 
ships have had the same history, where small screws obtained higher speeds 
under similar conditions with the same power. 

How, then, can any method, which bases its existence on results so 
obviously remote from perfection, be accepted by a learned society ? 

In reference to cargo steamers the method of the author will be found 
of value, since the propeller element need not be considered. Comparing 
high speed vessels with cargo steamers it will be found that at the speeds 
common to the latter class current practice, although very variable, secures 
satisfactory results. 

In short, up to 11 knots almost any propeller in practice, on any type 
of ship, gives practically equal values, and need therefore not be con- 
sidered. 

Generally, seeing that so many variable factors obtain in current prac- 
tice which require either accurate estimating or preferably eliminating, no 
method which merely accepts the facts, without the assurance that such 
are reliable and incapable of improvement, ought to be accepted. 

To my mind any progress in the future will come from the machinery 
department, as the form of ships, other than cargo steamers, leave nothing 
to be desired. 

Unfortunately, my experience teaches me to appreciate the difficulties 
of the subject, and only permits me to say how difficult the framing of 
any such formula is. It is because the basis of Mr. Hok's method is to 
me so insecure that I am sorry to find myself at variance with him. His 
eflforts I thoroughly appreciate, and think his collection of data very 
commendable, and deserves the thanks of the Institution. However, I am 
satisfied that rather than accept results as final, which are capable of very 
great improvement, it would be wiser to advocate the introduction of an 
experimental tank into the district, in which models of both ships and 
screws should undergo a series of scientific experimental trials. 

This will be found the best and surest, I was almost going to say the 
only method. 

Yours faithfully, 

J. J. O'Neill. 



94 DISCURSIOK — 8T£AU8BIP PEBPORltANOSEl, ETC. 

Port Glasdow, 
Rear Mb. Duckitt, December Wh, 1893. 

I have read with much interest the proof Mr. Hok kindly sent me of 
his elaborate and exhaustive paper. The very fulness of the paper to 
some extent militates against the discussion of it, so many hnes of 
thought opening np to prevent concentration of thonght on any paiticu- 
lai' one. So far as possible I will confine myself to some of Mr. Hok's 
inferences and conclusions. 

His remarks regarding engine friction are particularly valuable, and 
show clearly how unsafe it is, even when we possess progressive speed 
data to use them for estimating purposes withont very great discrimin- 
ation ; for instance, if it is found by experiment that a steamer SOO feet 
long required 1,400 I.H.P. to drive her 11 knots when she has enginefi 
designed for driving her 18 knots, it will not be the case (speaking 
generally) that another identical steamer will require 1,400 I.H.P. to 
drive her II knots when she has engines designed for 11 knots, Mr. 
Hok's method of applying the necessary correction is a bold attempt to 
get over the difficulty, tboi^h it can only be regarded as a rough and 
ready one. The typical curve of propulsive coefficiente, reduced as 
Mr. Hbk reduces them, being, so far as my experience goes, rather as 
curve D (see Plate XIII.) than as the curves A, B, and C which he 
gives. If experimental tanks were more abundant (and we shipbuilders 
may well wish they were) there is no doubt that these variations of 
propulsive coefficient would give an early and very important line of 
investigation. To myself they form a chief reason why when I can 
get model experiments to estimate from I greatly prefer them to ship 
results, because I can then supply the propulsive coefficient which a 
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it is not very remarkable that those of curve 50 (to take one instance), 
which are to be expected at 6*1 knots and 6*9 knots, are faint enough 
to be masked by unavoidable irregularities, and that that only at 8*1 knots 
becomes prominent. The table, I think, requires very great revision in 
other respects; very little, I believe, is ever gained by a finer block 
coefficient than '45 to "4, and the reason why yachts are sometimes made 
finer is that while length, breadth, and draught cannot for various reasons 
be reduced, the displacement is determined independently and kept as 
little as possible ; at high speeds, however, lines are everytliing, and 
especially should careful attention be paid to prismatic coefficient ; many 
a yacht would be improved by having a fuller section and finer lines. 

I understand Mr. Hok's referring power to displacement instead of 
(displacement)* has been a good deal criticised, amongst others by Mr. 
Proude. One effect of his so referring, it may be pointed out, viz. : — 
Mr. Hok's conclusion that it takes somewhat more power per ton of 
displacement to drive vessels of small displacement than vessels of large 
displacement. This is a well-known fact, and is simply expressed in 
other words by saying that power is more nearly proportional to (displace- 
ment)3 than to displacement, it being of course assumed that length, 
fineness, and speed are the same for the cases compared. 

Yours faithfully, 

F. P. Purvis. 

Mr. Hok's reply was postponed till the following meeting. 
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DISCUSSION ON MR. JOSEPH NODDER'S PAPER ON "THE 
DANGEROUS WORKING HEAT OF MILD STEEL, AND 
THE EFFECT OF ANNEALING AND AIR COOLING." 

Mr. J. R. FoTHBRGiLL resumed the discussion on Mr. Nodder's paper. 
He said that first of all he desired to thank Mr. Nodder for his very able 
paper, and he felt sure it was one that would enhance the value of their 
Transactions. He thought those who had read the paper would agree with 
him that it was a paper very difficult to discuss, because it was principally 
a record of facts and experimental data. A paper more suitable to the 
criticism of a steel manufacturer than a marine engineer, yet there were 
one or two questions in which he ventured to disagree with Mr. Nodder. 
In the second paragraph in the paper Mr. Nodder said : — " The distinc- 
tion between high and low tensiles within the limits of 26 to 30 tons was 
a fallacy." He agreed with Mr. Nodder that in speaking of steel generally 
as used for all sorts of purposes he was no doubt correct, but when refer- 
ring to steel used in the manufacture of marine boilers and furnaces in 
particular it was altogether another matter. The Board of Trade and 
Lloyd^s limited the tensiles between 26 and 80 tons as a minimum and 
maximum range, and therefore he contended marine engineers were per- 
fectly within their right, and justified in using the expression " high and 
low " tensiles. In the same paragraph Mr. Nodder states : — " Steel of 26 
tons tensile or 30 tons tensile can be produced from the same ingot almost 
at the will of the plate-roller, certainly without any variation of the 
chemical constituents of the materials." This was a well recognised fact, 
but what he (Mr. Fothergill) contended was that when the tensile of steel 
in manufacture was increased without variation of the chemical constitu- 
ents the e£Eect was ^^ mechanical," viz., the material was in a condition of 
^^ mechanical stress," and such condition would be, as Mr. Nodder over and 
over again stated in his paper, overcome, and the material resume its 
normal state by annealing. This appeared to him to raise a very import- 
ant question as to the true definition of tensile. Were they justified in 
accepting the tensile prior to annealing ? Was not the correct or true 
tensile of the material the tensile after annealing ? Supposed they rolled 
two plates from two ingots identically similar in their chemical constituents, 
and both plates rolled to exactly the same thickness, say ^ inch. Assume 
one plate to be rushed through the rolls quickly, giving a tensile of, say 26 
tons ; the other plate, due to more work being put upon it, and a much 
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lon^r tiiue taken in rolling, would show a tensile of, say, 30 tone. He 
would aek Mr. Nodder if he considered it fair and reasonable that the 
tensilt^ of these plates should be given as 26 and 30 tons when, as a matter 
of fact, if both plates were annealed the tensile in both oases would be 
practically the same ? Was ib not a fact the Admiralty required the tensile 
from all boiler plates to be taken after annealing ? There was another 
question he wonld like to ask Mr. Nodder. Suppose two famacee were 
manufactured — the one of 26 tons steel and the other of 30 tous, and that 
these teusiles were the tensiles of annealed plates, viz., the tensUes from 
plates that had been annealed after manufacture. Assume, due to some 
unfortunate circumstances, these furnaces when in use became overheated 
and came down. Will Mr. Nodder say if , in his opinion, one fnmaoe 
wonld be more liable to crack than the other, and, if Bo, whether he did 
not believe the 30 tons furnace would be more liable to crock than the 26 
tons ? Mr. Nodder had very properly remarked on the e&cts of air cool- 
ing, and shown that a plate could be heated to 1,100 degs., and cooled off 
on a railway siding without serious effect, and after giving other illustra- 
tions concludes : — " The whole result* clearly prove that air cooling, even 
under extreme variations of temperature, can make no appreciable differ- 
ence to this class of material." These results in themselves were remark- 
able, but what he (Mr. Fothei^ill) contended was that if a hot plate 
happened to be placed in a position exposed to a draught, and all boiler 
shops were not free from drangbts, and that the draught caught one portion 
of the plate only it wonld locally chill it, with possible ultimate cracking. 
He was very pleased to see Mr, Nodder's strong condemnation of local 
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note, could be counted on one's ten fingers. Of all these failures, as far 
as we can find, only two have occurred which could be traced even 
remotely to this cause. Both of these were boss plates, on which a large 
amount of work had to be done. In both cases they were badly fitted, 
and more work had to be done on them when in place, then they 
developed cracks. It would thus appear, from practical experience in a 
shipyard, that the danger is infinitesimal, and that, taken as a whole, 
open-hearth steel is a thoroughly reliable material. 

In regard to basic steel, our experience has not been so happy ; it is 
but right, however, to say that this was in the early days of the material 
and before the exhaustive series of tests was made by Lloyd's sur- 
veyors at the Glasgow Steel Works. We purchased a lot of basic steel 
frame material which, in the usual tensile and bending tests, gave magni- 
ficent results, but in punching the frames, several of them developed cracks 
and showed cold shortness. Samples taken in way of the fractures and 
tested for tensile and bending gave again splendid results. The trouble 
we had in this material was such that we have never since ventured to use 

it knowingly. 

Yours faithfully, 

A. Denny. 

MR. NODDER'S REPLY. 

Mr. J. NoDDBR, in reply to the discussion, said that it appeared his 
most serious opponent was their friend, Mr, Fothergill. At Hartlepool 
very little was said that really condemned the thoughts of the paper. 
There was one remark made by Mr. Wotherspoon with reference to some 
annealing that he had been interested in, in which he said that a steel slab 
was cut in halves and heated, but one was covered with duff coal, and had 
•13 per cent, of carbon, whereas the other half had only "12 per cent. He 
could hardly give an opinion as to the relative proportions of carbon and 
sulphur without he had the actual data of the heat at which this plate had 
been dealt with. The final result Mr. Wotherspoon seemed to think was 
that the plate had appropriated '024 per cent, of sulphur during the pro- 
cess of annealing, and '05 per cent, of carbon. That was not his experi- 
ence of annealing. He had not submitted it to the same process of 
covering it with duff coal, but he should expect to have to raise the 
plate to a considerable heat before he could make it appropriate either 
carbon or sulphur. If they would look at Table I., page 72, they would 
see that he introduced these chemical results, not because he was a 
chemist, far from it, but because he thought it might interest some of 
those who questioned the chemical construction of the steel. If they 
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looked in Table I. they would find that several test pieces out of the 
same plate bad been subjected to various treatments, amongst others one 
piece w£« left in the annealing furnace four hours. His experience was 
that it did not take up any sulphur, in fact it was not altered in its 
chemical constituents in the least, so he thought Mr. Wotherspoon's 
analyaiB would have to be in greater detail to explain why the steel took 
up Yffffths of sulphur, yet even the final results he should consider very 
good in its proportions of salphur and carbon, Mr. Fothei^ill objected 
to his view of the expressions " low tensile " and " high tensile." He (Mr. 
Nodder) simply put it in that form becanse high tensile steel to him was 
something like 50 tons to the square inch, and low tensile was anywhere 
between S4 aad 30 tons, or as the Board of Trade and Lloyd's pub it, 
between 26 and 30 tons. The question of annealing by the Admiralty, 
which Mr. Fothergill referred to, was not asked for by them. He might 
say the Board of Trade and Lloyd's insisted upon taking their tests from 
the plates exactly as they were rolled. With the Admiralty it had been 
the custem always to anneal, and the testa had been teken as annealed test 
pieces. In the discussion at Hartlepool Mr. Westgarth expressed himself 
that in his experience in the testing room he was able to do pretty much 
what he liked with his test pieces. He thought that was perhaps appli- 
cable to the question of annealing. Personally, be said the test should be 
taken from the plate as rolled at the mill. Respecting the question of 
heating and cooling, Mr. Fothergill rather differed from him. His (Mr. 
Nodder's) experience had been that so long aa a plate was evenly cooled 
in the air it did not matter very much what the temperature waa. Hedid 
not suppose it would be the correct thing if he had some furnaces to cool 
that he should take them out of the annealing furnace, and put them in an 
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ment of facts to hit home, and if they did not conform with the experience 
of boilermakers, then he should have met their opposition and been able 
to deal with it. But that had not been the result of the paper. During 
the last month certain things had happened which perhaps it would 
be well to speak about. At a firm (not in that district) there were a 
number of furnaces of the Purves type, the tube plate was made hot and 
put on to the cool furnace and hammered up to it, and the furnace 
hammered up to the tube plate, and in that condition it was found 
that several of these furnaces cracked at the corners of the return 
flange, and to his mind it was an exact reproduction of the experi- 
ments of his paper — it was putting a heater on purely and simply, and 
those furnaces required to be annealed afterwards before they were in a 
fit condition for use. They were made brittle. He also promised at the 
last meeting, in deference to a note he had received from Mr. Milton, to 
experiment on some low tensile Siemens steel, that was Admiralty tensile. 
He had not been able to get exceedingly low tensile, such as was talked 
about ; 22 tons tensile seemed hard to get at, but he tested some of 24 
tons, and the results were practically the same as the higher tensiles. He 
was also asked how many blows it was necessary to give, that was, what 
was the minimum number of blows that would affect the steel. He found 
it affected from five blows and upwards. He had also taken a piece of 
steel in the same form and put it over the swage block with half-inch 
hollow and gave what they might call a bending blow. He had found 
that that was perhaps slightly more destructive than the actual flat blow 
on an anvil, but the difference was not very great. In deference to 
another person's judgment he also took some best Yorkshire iron and 
he had got some of the worst results possible out of it. He had found 
that the commoner irons made not so serious a break, but in the case of 
the best Yorkshire iron, as received fix)m the mill, it gave 22 tons per 
square inch with an elongation in 8 inches of 18 per cent. At five blows 
that elongation was reduced to 16 per cent. ; at twenty-five blows it was 
reduced to 4 per cent. ; at fifliy blows it was practically m7, it broke 
exactly like a carrot under the testing machine. These, he might say, 
were bending blows. With flat blows on an anvil he got a worse result 
from the smaller number of blows : where he got 16 per cent, elongation 
at five bending blows, he only got 10 per cent, at flat blows. He would 
say that all test pieces were cut out of one plate. With a low tensile 
Siemens steel the result came out much more rapidly. He got the 
reduction from 29 per cent, elongation down to 18 per cent, with only 
five blows. So it showed how very delicate — if he might use the word. 
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with due deference to engineering friends — Siemens steel was, in fact bo 
delicate that it should, perhaps, be wrapped up in cotton wool. Now, this 
was entirely removed by annealing, and then they could do what they liked 
with it, but when they remembered that the ordinary practice of the ship- 
builder was to treat it exactly as he had done iron in the old days and 
thought it would stand ; it certainly would not, and that was all he could 
Bay aboat it. There was a reference made at the Hartlepool meetii^ as 
to whether steel to-day was as good es it nsed to be. In his judgment 
it was better. That might be open to question by someone else, but that 
waa his experience. They got better Siemens steel now than formerly, 
and they conid do more with it either hot or oold. 

The Pebsident said he was sure it would be their pleasure that a 
hearty vote of thanks be given to Mr. Nodder for the paper he had read 
and the reply he had given. He was quite sure that the statistics of the 
tests of steel would be a very valuable addition to the library of the 
Institution. 

The rote was accorded by acclamation. 
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ON CERTAIN PRINCIPLES OF .MOTION, AS TAUGHT BY 
THE PENDULUM; AND AS ILLUSTRATED BY THE 
RESISTANCE OF SHIPS, AND OTHER BODIES MOVING 
THROUGH FLUIDS; TOGETHER WITH A BRIEF SKETCH 
OF THE PENDULUM SPEED-POWER METER. 



By FRANK CAWS. 



[Read befobe the Institution, in Sundebland, on Tuesday, 

Degembeb 20th, 1893. 



Numerous and able writers have told us exactly what are the laws 
governiDg pendulum oscillations on a world where there is no air, nor 
other resisting medium, nor obstacle to motion. 




Fig. 1. — Ukbbsistbd Motion. 

Amongst other things, they tell us if the bob be allowed to stai-t at A 
(Fig. 1) it will swing over to Z ; and, as Z is on the same level as A, 
the bob will return from Z right back up to A ; and this to and fro 
motion, from A to Z and Z to A, will continue perpetually, the bob 
always passing the vertex at the same speed. That vertex speed is equal 



lOi PRrNCIPLEa OF MOTION, ETC. 

to the velocity attained by a mass in &!ling tfarongh spice of the same 
vertical height m the height of A or Z above 0, the ooiy difference 
being in the direction of the velocity at vertex level ; that of the free 
falling mafiB being vertical, and that of the pendnlam bob being 
horizontal. But the time taken by the pendulum bob in which to realise 
its vertex velocity exceeds the time in which the falling free mass descends 
from the A Z level to the level, as the length of arc A 0, or Z 0, 
exceeds the length of the versine, or vertical dip, of that arc. 

We might foolishly discard this doctrine of mathematicians, on the 
ground that neither in the heavens above nor on the earth beneath is 
there, or can there be, such absolute immunity from resistance as this 
doctrine involves or implies. 

But we shall more wisely respect the abstract truth thus formulated ; 
regarding it as the upper limit of troth's range, and learning how to 
apply it correctly to the conditions which impose more or less resistance 
on all real motion. 

There is no instrument so well adapted to teach ns the difTercnces 
between the conditions of unresisted and resisted motion as the pendulum. 
For we know, as above indicated, exactly what the pendulum would do if 
unresisted ; and, comparing its actual doings with those ideal doings, we 
observe their differences ; and can thus measure the exact degrees which 
the resisted pendulum ialls short of the ideal performances of the 
unresisted pendulum. 

The writer has invented a simple method of measuring, with extremest 
accuracy, these shortcomings of the real pendulum. A graduated bar, 
called the " reading bar," is fixed in the vertical plane of the pendulum's 
motion i 111 mud lately nhove tlic bob. The pendulum strings, Iwing doublu, 
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Say, now we clamp the left-hand vernier at A, or 20 degs. (Fig. 1). 
We now tie back, by a leash line, the pendulum bob, so that the pendulum 
strings just touch the needle hanging from 20 degs. We then place on 
the opposite side of vertex the corresponding vernier with its needle. 
After burning the leash line we discover whether we have placed this final 
vernier correctly. If we have done so, the pendulum strings, when they 
swing over, will just touch the needle, causing it to tremble very slightly. 
If it tremble violently, we know the final vernier was placed too near 
vertex. If, on the other hand, the needle betray no vibration at all, we 
know the final vernier was placed too far from vertex. In either case, 
we alter the position of the final vernier, repeating the experiment again 
and again, till we get the correct position. Now this position will be 
more or less short of Z, or 20 degs., according to the amount of resistance 
encountered. A few tries will succeed in discovering the true position. 

When once, in this manner, the exact position of the final needle is 
found, the experiment may be repeated any number of times, without the 
slightest irregularity in the behaviour of the pendulum ; and thus we 
prove that experimental results obtained in this manner are as nearly 
absolute in their accuracy as any experimental results can possibly be. 

Let us now, by the aid of this invention, examine the nature of the 
differences between ideal (unresisted) and real (resisted) motion, as dis- 
played by the actual movements of the pendulum in graphically intelligi- 
ble form. 

The pendulum will serve the dynamician for his purposes in this 
examination, as the edge of a cliff or chasm serves the geologist ; by yield- 
ing, as it were, a natural section, which displays causes and consequences 
in their proper orders, relations, and magnitudes. 

Geologists have differed in their interpretations of the teachings of cliffs 
and chasms. Dynamicians may likewise differ in interpreting the teach- 
ings of the resisted pendulum. But the more intent the study in both 
branches of scientific search, the more nearly will the students arrive at 
unanimity of interpretation. 

The letters of the alphabet, when each considered alone, cannot be said 
to be expressions of fact. Yet if on that account we would not learn the 
alphabet we could never learn to read. 

Just so, the dynamic principles, or properties, of the unresisted pendu- 
lum, as commonly taught in mathematical books and schools, though 
strictly applicable to no existing state of things, must be understood by 
the student before he can read aright the phenomena of actual motion, 
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and realise to the full the greatly impreBsive fact that the motionB of a 
resiatod pendulom are the trae type, example, and pattern of all motion in 
the universe. 

For all motion everywhere is, like that of the pendulum, pulsating. 
And every pulse of motion begins and ends with its purely potential phase, 
and reaches at midpolse ita purely kinetic phase, just as the pendulum 
does. 

That is to say, that at the initial and final moments of each pulse the 
motion is in full readiness for development ; or is, in other words, 
potential ; and at the midmoment, or vertex, of each pulse the motion is 
fully developed ; or is, in other words, kinetic ; and at moments inten*en- 
ing between the middle and ends of pulse th'e motion is partly developed 
and partly ready for development ; or is, in other words, partly potential 
and partly kinetic. 

In all these respects, and in every other dynamic essential, all motion 
universally agrees, in the character and principle of its throbbing, with the 
beatings of the pendulum. 

Before entering more deeply into tbia subject, let us distinctly under- 
stand that when an uuresisted pendulum is starting from any initial angle, 
the horizontal foixte potential at that angle, and which the bob will be 
kinetically exerting when passing vertex, is proportional to the horizontal 
distance of the bob at the starting angle from the plumb-line. And, as 
this horizontal distance is the sine of the starting or initial angle, we come 
to understand that the horizontal force kinetically exerted by the bob at 
the moment of passing vertex is proportional to the sine of the initial 
angle, i>., the angle from which that beat started. 

The force, when in the act of starting from its initial angle, is 
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is kinetic. At all intermediate moments the energy is partly potential and 
partly kinetic, the sum of kinetic and potential energy being the constant 
measure present alike at initial and vertex and final moments. Thus, for 
example, in Fig. 1 the initial potential E = the vertex kinetic K ; and, at 
every interval between E and K, we see « + A; = E = K. 

As the force is exhibited by the sine, and the energy by the versine ; 
so the time and speed of unresisted pendulum are shown by the arc of 
amplitude ; and the same interchanges or reciprocations of potential 
initial and final, and of kinetic vertex phases characterise the time and 
speed and the arc of amplitude as in the cases of the force and energy. 
Thus in Fig. 1, s being the kinetic and v the potential speed, s -\- v=Y. 

And so, whether we speak of force, energy, time, or speed, if we let 
P stand for the potential, and K for the kinetic, and C for the combined 
or total value of motion, we can express, by the common formula 
P + K = C, the constant value of force, energy, time, or velocity, 
present at every moment of the unresisted beat. 

It may seem absurd to talk of a constant value of velocity as pervad- 
ing a beat whose actual velocities are known to be continually varying. 
But, when the essentially reciprocal nature of all motion is clearly under- 
stood, it becomes evident that the absurdity lies in regarding the various 
intermediate kinetic values of speed between the ends and middle of 
pulse as proper values of finished, or fully developed, speeds, which indeed 
they are not ; for they really are, as we have now seen, merely the kinetic 
phases or portions of that constant value of speed which finds purely 
kinetic expression at vertex only. 

We are accustomed to speak of quarter moons, half moons, three- 
quarter moons, and full moons ; but in using this language we never 
forget that the reality is the full moon all the time. So, in phases of a 
pulse of speed, while we may and must distinguish the progressive 
visible kinetic phases as incidental to their various points or angles of the 
arc of motion, we should never lose sight of the fact that the pulse is 
possessed of the full speed value all through. 

To r^ard the varying intermediate kinetic velocities as the only speed 
values of the beat, thus ignoring the complementary potential values of 
these same kinetic velocities, is to confuse and confound the process of 
motion, and render the interpretation of pendulum behaviour utterly 
misleading. 

Both sides of the beat (i.e., the initial and final sides) of unresisted 
pendulum are alike; as shown by the symmetrical diagram, Fig. 1. 
The whole energy, E, potential at the initial angle of the unresisted 
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pendulam, having, thronghoat the first half of the beat, converted 
the inertia of the bob's masa into momentum, is, throughout the 
final half of the beat, engaged in reconverting the bob's momentum 
into inertia. No energy escapea in these transitionB ; and so the final 
angle, Z, is eqna] to the initial angle, A. 

The symmetry of the performance of the ideal unresisted pendulmn 
diBtii^ishes it from the real resisted pendulum, whose performance is 
always more or leas unsymmetrioal, according to the amount of resistance 
involved. In place of the symmetrical (Fig. 1) we obtain, by experi- 
menting with the real pendulum, the nnsymmetrical (Fig. 2), which 
we may now examine more particularly. Here, in Fig. 2, we have not 
only the lobsidednesa to characterise it, but also some new features not 
present at all in Fig. 1. 
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The following specification of symbols will now be necessary in 
examining the details of the resisted pulse of speed and power : — 

Bq = initial versine -» initial energy of resisted beat. 

E, = final „ = final 
e = decrement „ = escaped „ 
Fq — initial sine = initial force „ 

F, ■= final „ = final „ „ 
/ = decrement „ = escaped „ „ 
Vq = initial arc = initial speed „ 
V, = final „ »= final „ „ 
« «= decrement „ = escaped ,, ,, 

Reference to Fig. 2 will show that E^ — e = Ei ; and F^ — /= Fi ; 
and Vq — V = Vi. Thus the pendulum teaches us that e is the price of 
the beat in terms of energy ; and that/ is its price in terms of force ; and 
that v is its price in terms of speed. If we would keep our stock of 
energy or force from running low, we must replenish it at each beat to the 
measure of e and/, and only by so doing can we maintain the speed. 

We must, 80 to speak, "keep up our position" by earning a fresh 
penny for every penny we spend. The pendulum itself has no earning 
capacity, it is a spender merely ; and is constantly needing new impulse 
to keep it going at any uniform swing of speed. We have seen that e is 
the amount of energy to be paid per pulse of resisted speed to maintain 
the speed. The question now arises, what is the speed of the resisted 
pulse for which this price is paid ? 

The answer is, that e is the payment in full for the resisted speed in 
fuU. 

In the case of the unresisted pendulum, we have seen that the com- 
plete value of the speed (or speed in full) is expressed at the initial and 
final moments of beat in purely potential, and at the vertex moment in 
purely kinetic, phase ; and that the real value of the motion is uniform 
throughout all the phases of phenomena, and all their translations and 
transitions, as the mass of the moon is uniform throughout its monthly 
transformations. This would also be true in the case of a resisted 
pendulum, if propelling force were continually supplied, compensating 
at every moment the loss by escapement. 

Where such compensating force is applied to the resisted pendulum 
(as, for example, in the clockmaker's most perfect " escapement beats ") 
the pendulum reaches at the end of each beat as high an angle as it 
started from, and the oscillation resembles that of an unresisted pendulum. 
But in the case of the resisted pendulum whose escapement is uncompen- 
sated, the speed value is not constant throughout the beat, but dwindles, 
more or less, according to the amount of resistance. 
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Every fanction of the arc of motion, as the pendulum plainly Bhons, 
Buffera its share of the mutation inflicted by reeistance. Thus, for 
example (see Fig. 2), E^ is rednced to E,, F^ is reduced to Fi, V^ is reduced 
to Vi, and the original are, A Z, is reduced to A Y ; for thus energy 
dwindles with versine, force dwindles with sine, and speed dwindles with 
arc. In a word, the speed value of a resisted uncompensated beat varies 
during the beat by dwindling ; and the e is the enei^ paid in full, not 
for the speed in fall at it« best, nor at its worst, but at its mean value. 

The best value is present, potentially, at the initial moment of the 
pulse ; and is represented by the E^, enei^y ; F^, force ; and ¥„ speed. 
The worst value is present, potentially, at the final moment of the pulse ; 
and is represented by the Ei, energy ; Fi, force ; and Vi speed. 

We may likewise take A Z as representing the best value of speed, 
present at the initial moment, potentially ; and then, by the same rule or 
measure, the mean value of speed, present, kinetically, at the vertex moment 
of the pulse, is represented by A Y. Thus, as it were, graphically and 
automatically, the pendulum performs its own integrations. 

Let us say we are dealing with a cycloidal pendulum ; or with any 
harmonic vibration, i.e., with any reciprocating motion whose period of 
pulse is constant for all amplitudes. We know that in unresisted 
harmonic vibrations AOZ is in its changing of amplitude always 
proportional to s/ energy or versine. It therefore follows that the mean 

enei^y of the resisted harmonic pulse is = E = E^ x /tttt^i- 

This A Z measure of speed is the measure also of the travel of the 
unresisted pendulum ; and A Y measures likewise the actual travel of 
the resisted pendulum. This arc measure, A Z for unresisted, and 
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mean speed of AOY per beat (i.e., per half revolution) will roll that 

pendulum bob, wheel, or cylinder along a level floor, free of ties, at the 

continual vertex speed = 2 x A Y per half revolution ; because in the 

latter case there is no fixed centre to absorb by reaction half the energy, 

E 
= -^ ; and so the whole energy, = E, is devoted to the momentum of 

the rolling mass. 

But when the rolling mass is not solid, but fluid, although it has no 
attachment to any station, and is quite free to roll, this roller or wave of 
fluid mass realizes only the mean speed = A Y per beat ; because the 
mass in motion, which, in the case of the solid roller, is absolutely con- 
stant, in the case of the fluid roller, is absolutely inconstant ; and this 
inconstancy of fluid roller mass has the same effect on the speed of fluid 
roller as the attachment to stationary centre has on the speed of the solid 
roller, reducing its vertex velocity from a continuing to a momentary 
phase, and so reducing the speed from 2 x A Y per beat to a mean 
speed = A Y per beat. 

Now, in the case of an ideal, unresisted pendulum, we are dealing 
with a solid mass only ; a solid mass revolving, or vibrating, about a 
stationary centre at a mean speed = A Z per beat. 

But, in the case of any real, resisted, pendulum, we are dealing not 
only with the solid mass of the pendulum, but also with the fluid mass 
which is permanently disturbed by its motion — i.e., the mass (not of the 
wave of replacement, whose useful reaction compensates its inertial resist- 
ance, but) of the wave of escapement. 

The solid bob is tied to a stationary centre, and therefore revolves at 
the mean speed — AOY per beat. The wave of permanently disturbed 
fluid, though untied to any stationary centre, and so quite free to roll 
away from its starting point, is handicapped, so to speak, by the absolute 
inconstancy of its mass, and, therefore, reaches only the same mean speed 
as the pendulum bob, viz., AOY per beat. 

Thus it comes about that, the effect of fluid wave mass inconstancy 
being equivalent to the effect of attaching solid mass to stationary centre 
of revolution, the bob and its wave of fluent mass always move at the 
same mean speed per beat. 

We have seen that e (Fig. 2) is the measure of energy expended per 
beat in propelling the resisting mass of permanently disturbed fluid. 

A much larger mass of fluid (viz., the wave of replacement) is tem- 
porarily disturbed ; but the reaction of the temporary disturbance 
compensates the energy ; so that no loss of energy arises from resistance 
of fluid to temporary displacement. 
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It IB the relatively small mass of permanently dlstnrbed flnid whose 
waves, refusing to give back to the solid wave-creatiog mass of the 
pendulum the energy expended in their evolution, continually escape from 
the sphere of the pendulum's motion, carrying their energy off with them. 
Tliese arc the waves to which the resistance of a pendulum, or of any 
other body, moving through fluid, is due- 
Out of a mean measure, or stock, of enei^y, = E, these escapement 
waveB steal away with a measure, = e, at every beat. So we see that 
E — e = measure of energy engaged in momentum of solid mass of bob, 
while e = measure of energy engaged in momentum of fluid mass of 
escapement waves, when the bob and the escapement waves have, as indeed 
they cannot help having, the same mean speed = A Y per beat, and the 
same vertex speed = 2 x A T per beat. 

Throughout the pendulum beat the fluid mass of the escapement wave 
experiences, simultaneously with the solid mass of the bob, the same 
potential and kinetic variations of phase. And so, with the wave as with 
the bob, the vertex speed is twice the mean speed; that is to say, the crest 
of the wave moves at twice the speed of its mass. Hence, when waves 
are left free to proceed by themselves, their crests present an appearing 
and disappearing intermittenoy of phenomena, alternately seeming to 
outrun their own mass and to vanish ; reappearing, to repeat the outmn- 
uing or overleaping phase. 

Seeing that with a given measure of eneigy, = E, we can have the 
option of propelling the given solid, free from any attachment, at a con- 
tiimous speed = 3 x A Y per beat ; or, attached to a stationary 
centre of revolution, at a mean speed = A Y per beat, the converse 
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To make this measurement from the method of a continuing straight 
forward speed involves a tank of great length. But by the alternative 
method the same true results can be obtained within a tank of small 
length. 

Time will not now permit of a description of this short tank method 
in any detailed degree. But the manner in which the invaluable option 
above specified is usefully applied to the requirements of the modem 
shipbuilder and naval architect may be briefly summarised, or sketched, 
as follows : — 

A small scale ship model supplied by the shipbuilders, and preferably 
dug out of one block of wood, is ballasted in the tank to its proper load- 
line, and so attached to the pendulum bob suspended above the tank that 
the ship floating in the water, without having her displacement changed 
by the force of the pendulum, may share the speed of the to and fro 
motion with the pendulum. 

Throughout this paper the decrements of amplitude have been referred 
to as merely due to the resistance offered by the air to the motion of the 
bob. 

Now, in point of fact, the resistance thus occasioned is, in practice, 
extremely small ; and is generally so infinitesimal as to be negligible : 
for the great length of pendulum admits of operations being conducted 
within moderate amplitudes, wherein the air resistance, to solid lead bob 
supported by very sensitively fixed and accurately adjusted fine wires, is 
barely appreciable. 

Hence the decrements of amplitude obtained by experiment are due 
almost wholly to the resistance offered by the water to the motion of the 
ship model ; and this resistance of the model at any given speed to which 
the pendulum force raises her is of course what the shipbuilder and naval 
architect need to know. 

The measurements of decrements are made with great accuracy by 
means of the graduated reading bar and needles hanging &om sliding 
adjustable verniers, as described in the earlier part of this paper. 

Everything already stated herein as true of the measures of energy, 
force, and speed thus obtained by pendulum experiment, applies in every 
particular to the experimental results when these are due to the resistance 
of the ship model and not to the resistance of the bob. 

Thus the e (decrement of versine) yielded by one beat of pendulum 
with ship in tow is the true measure of energy expended in that beat on 
the escapement waves of water created by the ship's motion. And so, 
multiplying this decrement of versine by the weight of the pendulum, 
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and dividing by the time of the beat, we get, as product, the power 
rtiquired to keep that ehip model beating about a stationary centre at the 
mean sjieed represented by her actual travel divided by the actual time 
per beat. 

Then, on the principle of the optica above demonstrated, we know 
that the power which can do this is the same measure of power as will 
drive that ship model unattached to any stationary centre right ahead at 
a uniform speed exactly equal to her vertex speed actually attained ; i.p., 
double the mean speed actually attained. 

Now, as regards the time of beat, we have throughout this paper 
in each case, viz. : — (1) That of the unresisted pendulum, (S) that 
of the resisted pendulum, and (3) that of the ship model attached to 
pendulum, accepted each particular case's, period of beat (whatever its 
duration) as our unit meaBure of time in that case only. So that in 
n^rd to time of beat each tub, ao to speak, has been left to stand 
on its own base. 

So far as the writer's experience goes, he has not been able to find, 
experimentally, even in cases where the I'esistance was abnonnally great, 
any very appreciable change of pendulum period due to mere resistance. 
Thus cases (1) and (2) above-named, will always, in ordinary experi- 
mental practice, be foUnd to have do difference of period. 

But in case (3) the change of time of beat will be anything, within 
certain limits, that the experimenter chooses to make it, according to the 
proportion, as det«nnined by himself, which the ship model's displace- 
ment weight bears to the weight of pendulum bob. For the weight of 
bob is the measnre of motive force, and when, in addition to its own 
I iiiurt.ia, It. has to ovli-cijiqc thf iiiLTliii of tliu sliiii mod(^l's 
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Thus when, for example, pendulum bob weight = ship's displacement 

weight = 1 : if the pendulum be unattached to ship model we have 

bob towing weight 1 . , . .. ^ — 

Mb = weight towed = y = 1 = accelerative force; and ^/l = 1 = 

time of beat = speed of beat. But, when pendulum is attached to ship 

model we have ^^ = towing weight ^ 1 ^ J_ ^ 

' bob + ship model weight towed 1 H- 1 2 

accelerative force 

and /— - = '707 = speed of beat] 

y— I as above stated. 

Y = 1*414 = time of beat 

In these expressions the effect of resistance on period of beat is ignored, 
because, even if ever appreciable, it is so insignificant. For though, as 
already explained, resistance considerably shortens the travel, as, for 
example, from A Z to A Y (Pig. 2), and in that way lowers the 
speed, it does not affect the speed very appreciably by altering the 
period of beat, except perhaps in the case of resistances so abnormally 
great as never to occur in ship speeds. 

In proof of which : take the case of a ship whose escapement wave 

,. , ... V. her displacement mass ,., , , 

mass (t.e,y her resisting mass) is = ^ — ^rrr- , while pendulum 

bob = displacement mass of model. If we neglect the question of 

effect of resistance on period of beat, we write. Period = / = 1*414. 

If we take account of the assumed effect of resistance on period of beat, 

we write. Period = / — — ^ = 1-416. So the error due, in this fairly 

representative ordinary case, to a neglect of the attributed influence of 
resistance on period of beat is only about 7 J^^th time ; if indeed the time 
is influenced in this way at all ; and this must depend on whether the 
fluid medium is viscous or not. 

And now, in regard to another small matter, it seems scarcely necessary 
to point out that no appreciable error is due to the difference of horizontal 
travel of ship and circular travel of pendulum ; for not only is the excess of 
arc length over sine length extremely insignificant within those moderate 
angles at which the experiments occur, but also the fact that the pendulum 
has to tow the ship a less distance than the pendulum's own bob travel is 
a compensating fact, and leaves no residue of error. This matter is too 
small to dwell upon. It is only mentioned to show that it has not been 
overlooked. 

VOL. X.— 1188 10 



116 PRtKCIPLKS OF HOTION, ETC. 

Amongst those to whom the line of thought opened np herein ia neir, 
the question will naturally arise — How can a vertex speed, gained in one 
01' two seconds be dynamically equivalent to a straightforward epeed gained 
by the same model in an accelerating run of many seconds' duration ? 
The one state is so suddenly and the other so gradually attained that surely 
the two cannot be strictly equivalent each to the other ? 

And yet which of us would prefer a phott^raph of a moving crowd, 
which was many seconds in beiug taken, to one which was taken in a frac- 
tion of a second ? The answer to this question would depend not a little 
on the preparation of the instantaneous plat* ; and, dmilarly, in the case of 
the pendulum beat, the question of preparation is of the first importance. 
It is all veiy well to judge slightingly of an effect becanse it is obtained in 
a few moments. But how was that effect made possible ? 

A cannon which takes a minute to go off is not necessarily more effec- 
tive than one which goes off in less than a second ; the prepiration of the 
potential, in the shape of powder, etc., would be a very material clement of 
efficiency in such case. Let us then enquire, reverting to the pendulum 
met«r, how did this propulsive energy, = e, contrive to store the much 
greater mass of cnetgy, = B, which is present kinetically at the vertex 
moment of this ship model's motion ? Clearly that must have been stored 
before the one beat now in question could begin to expend the same in 
that beat. 

The history of the storing transaction may be recorded thus ; — 

The bob and ship were hanging or floating motionless at vertex, when 
the feeble impulse, whose eneigy was = e, was imparted repeatedly to 
them in a series of beal« agreeing in time intervals with the period of the 
|H;m]iilum-Hhip o».'illutl'.F 
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and the escapement waves grew bigger, they went on appropriating a 
larger and larger share of the momentum derivable from each e beat ; 
until, finally, on the attainment of the highest angle possible to e, and 
the full swing of speed according therewith, the escapement wave was 
big enough at each beat to consume the whole e put in at each beat ; 
thus leaving the bob and ship model to continue their motion in virtue 
only of the store of momentum which they, by this tedious process of 
getting up speed, had gradually accumulated. 

Of course the smaller the e in ratio to E (and, by the same rule, the 
smaller the resisting mass of the full speed escapement wave in ratio to 
the mass of a ship's displacement) the longer will be the period of accelera- 
tion, and the greater the number of e impulses to administer. Now all 
this preparatory process, or something dynamically equivalent thereto, 
must be gone through before the ship model can shoot away in the tank 
from her initial angle, and gain her vertex speed in a second or two. The 
leashing up of the pendulum and ship to the initial angle ready for 
starting is equivalent to storing energy by the beating up process. 

In fact the ship has had to be got up to her speed before she starts at 
the burning of the leash ; and the mere act of starting from the initial 
angle of the pendulum speed is, when clearly understood, perceived to be 
in itself a proof that the model starts therefrom, not with speed to get up, 
but with speed already up. 

Seeing that the initial energy, = Eq, is stored as above described, by 
a long process of beating up, or accumulating, just as the enormous energy 
of a real ship's full speed momentum is gathered slowly from the compara- 
tively feeble impulses of the propeller, we must not, in oblivion of these 
facts of preparation, regard, short-sightedly, the initial state of the ship 
model in the pendulum meter, at the moment when the leash is just bunit, 
and when the bob is really possessed of the E^ measure of energy, as a 
state of zero energy and zero speed ; and we must not be so far led away 
by superficial appearances as to think the ship model gains her speed 
suddenly in that one-half beat from initial angle to vertex ; for indeed she 
was literally under full weigh at the moment of her starting from the 
initial angle. 

It will probably occur to someone to object that if the ship model were 
in the kinetic sense underweigh at a realised speed engaging the energy 
Eq, she would be enclosed by a wall of escapement waves ; but that the 
ship in the pendulum meter on the point of starting from the initial angle, 
though undoubtedly endowed with E^, is enclosed by still water. 

But as the moon renders herself visible and invisible by turns, so does 
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the wave. lu the case of the ehip model starting from the initial angle, 
the wave, though invisihlo, is there; as truly aa the moon is in the sky on 
a pitch-dark night. We cannot have the E^ potential at the initial 
moment of motion, without having the potential wave attending it. We 
might as well expect to find pi-essure without force, as to find E^ without 
itB suppressed, potential and invisible, but none the less really present, 
wave. 

We may say of a block of marble, the statue is there, before the 
sculptor has begun to work even in thought upon it. 

It is not, however, in any such remoU; ideal sense that we mnst regard 
the speed wave as being invisibly present at the initial moment of the 
ship model's motion : for in this case the preparatory work essential to 
the creation of that wave has been done ; and it is because the work as 
well as the water is present at that starting angle that the wave is there, 
in a nmch more real sense than the statue is present in the unwrought 
marble. 

If the ship model were going at full speed in the ordinary straight- 
foi'ward way with total energy of motion = 1&„ and the propelling power 
were suddenly withdrawn (that is to say the propelling e impulses were 
discontinued), and if she were allowed to shoot onwards by her acquired 
momentum for a space of time equal to the period of the beat of same 
sitip model in pendulum meter, the initial kinetic enei^y, = £„, would 
dwindle to a final kinetic energy = Ei, and the mean value of energy 
kinetically present during the interval would be = E : the amount of 
energy lost during the interval on the escaping waves being = p. 

The only difference between the conditions as thus experienced and 
the conditions experienced with the same E^ initial and B mean, and B, 
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swing, the exact measure of power and speed the ship model expends and 
enjoys in that one beat ; and this is the power and speed due to that ship 
in continuance of that same beat at uniform periods ; such continuance 
being the true condition of what is commonly called " uniform speed." 

The conmion conception of uniform speed has been hitherto that of 
velocity continuously kinetically equal or constant. But the pendulum 
plainly teaches that at no two adjacent moments are the energy or velocity 
of uniform speed constant, and that throughout the universe we should 
seek in vain for one linear foot or even inch of motion truly answering to 
the conmion conception of uniform speed. The true uniformity of speed 
consists in the constancy of its pulse periods, and in the exact similitude 
of all the pulses in all their coincident or corresponding features and 
phases. 

When a ship is so attached to a pendulum as to share its motion with- 
out having her displacement mass increased, decreased, or otherwise 
changed by the attachment, the experimentally obtained diagram of one 
beat is a diagram of all the beats of that rate of speed with that ship 
model, for all are alike. So the pendulum meter, in one beat of motion, 
obtains, as it were, an instantaneous likeness of the ship's hydrodynamic 
features, by which her speed for any i)ower, or power for any speed, is clearly 
portrayed. And if we could, when the ship is going at uniform speed, get 
a thousand such pulse likenesses taken in succession we should be no wiser, 
for they are all alike. 

A ship when getting up speed under a constant power has a mean 
speed = half her full speed ; so that, if the power be constant, the ship 
travels, in getting up her speed, half the distance she would travel in the 
same time at her full speed. 

That which is thus true of Bhe whole series of waves, in their effect 
upon the ship, and in her eflFect upon them, is true likewise of every 
individual wave ; for if it were not true of the part it could not be true of 
the whole. For the same reason the ship's mean speed in the meter is, as 
before shown, half her full speed. 

The most convenient form of expression of the experimental results 
obtained from the pendulum resistance meter is as follows : — 
Let W lbs. = motive weight = bob weight. 

h ft, = loss of potential head = decrement, of versine. 

/ sees. = actual time of beat. 
y knots = actual vertex speed. 
Then AW ft.-lbs. = work done per beat to gain, or maintain, V. 

and /aW t^ tx »» i . i i ^ ,r 

RKQ. = tj.H.r. doing the work of V. 
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There have now been a large nomber of models tested in the meter: 
chiefly ocean-going cargo beats. In order that all maj judge of the nork 
of the meter for thenwelves, a few E.H.P. curves taken by the meter, and 
the corresponding I.H.P, curves obtained from the shipa on the measured 
mile, progressive speed trials, are given by kind consent of Mr. James 
Laing, Messrs. 0. S. Swan & Hunter, Messrs. W. Dosford & Sons, and Mr. 
Macoll for Messrs. 3. P. Austin & Son, 

The corresponding E.H.P. and I.H.P. curves on this diagram 
(Plate XrV.) are distingoished by the initial letters A, B, C, D, as also 
. E.H.P. 
I.H.P.' 

In accordance with the principles of interpretation hei'ein set forth, 
and in consonance with Beech's law of corre^nding speeds, a groat deal 
of the calculation needed to reduce the decrements of pendulnm amplitude 
experimentally observed to useful terms of knots and E.H.P, of the fuU- 
sized ship, has been done by anticipation, and the results engraved in 
coeliflcienta of speed and power on the reading bar at the various angles. By 
means of these coefficients the labour of calculation is so greatly lessened that 
the instrument is, to a large extent, a ready reckoner ; and the operator 
is therefore able to gather the needful information with greater expedition 
as well as with less liability to clerical inaccoracy, 

In the permanent calculations from which the engraved coefficients 
have resulted, the cycloidal correction (though very slight within the 
angles concerned) has been duly made. 

Nearly two years have now elapsed since the bar was engraved ; and, 
though he has had much cross-questioning to answer, the writer has not 
yet found occasion to regret one coefficient figure, or to wish one altered 
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and unmistakable language as the subject necessitates, those fundamental 
and universal principles, hitherto commonly disregarded, upon which the 
pendulum meter's utility depends. 

A visit to the tank would serve to render plainer some of the above 
statements ; and it would afford the writer much pleasure to explain at the 
tank any practical details which have not been dealt with in this paper. 

The discussion on Mr. Caws' paper was adjourned, and the meeting 
terminated. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Tenth Session, 1893-94. 



PROCEEDINGS. 



FOURTH GENERAL MEETING OP THE SESSION, HELD IN THE 
PHYSICAL LECTURE HALL OP THE DURHAM COLLEGE OF 
SCIENCE, BARRAS BRIDGE, NEWCASTLE-UPON-TYNE, ON 
TUESDAY EVENING, JANUARY 16th, 1894. 



ROBERT THOMPSON, Esq., President, in the Chaib. 



The Secretary read the minutes of the last General Meeting, held 
in Sunderland, on December 20th, 1893, which were approved by the 
members present, and signed by the President. 

The ballot for new members having been taken, the President 
appointed Messrs. W. Kilvington and J. C. Stirzakcr to examine the 
voting papers, and the following gentlemen were declared elected : — 

MEMBERS. 

Ayre, James Rcay, Ship Draughtsman, 16, Neptune Road, Wallsend-on-Tyne. 
Boei, Qiii8ep])e, Engineer and Naval Architect, 157, Roker Avenue, Sunderland. 
Frascr, Tlios. S., Electrical Engineer, Messrs. E. Scott, Mountain, & Co., Tlie 
Close, Newcastle-on-Tyne. 

MEMBERS (LATE QRADUATES). 

Bell, Geo. Arthur, Marine Engineer, 29, Hawthorn Street, Newcastle-on-Tyne. 
Coleby, James W., Engineering Draughtsman, Boundary Street, Willington 

Quay-on-Tyne. 
Cooper, W., Jun., Engineer, 11, Ridley Place, Xewcastle-on-Tyne. 
Ewen, Alex., Mechanical Engineer, St. Mary's Island, Whitley-by-the-Sca. 

VOI- X.-lfH)4. 1 1 
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HenalmU, 3amnel, Ship Draiightanian, 6, Hume Street, MlUfleld, Sunderland. 
Pringlo, Alfred, Ship Dmitg-hUman, 10. Somerset Terrace, Walker-on-Tyne. 
White, Ernest T., Engioeering DraagbtBmwi, 16, Abbey Terrace, Ga(«shead-on- 

Tjne. 

GRADUATES. 
Bowilen, John, Apprentice Engineer, Sheriff Mount, OateBbead-on-Tjne. 
Carr, Ralph, Jnn., Apprentice Engineer, Thoruleigb, Clayton Boad, Newcastle- 

on-Tyne. 
Forster, Edgar S., Apprentice Engineer, 2, Shaftesbury Terrace, Qatcshead-on- 

Tyne. 



GRADUATE AWARDS. 
The Graduate awards for the last Besdon were delivered by the President 
to the following memhers : — 

1. Mr. John King, for his paper on " Floating Cussons." 
2 I Mr. A. Young, for his paper on "A Modem Theory ol the Rolting- oE Ships." 
I Mr. J. Brentnall Dnclcitt, for his paper on " Continooos Current Dynamos." 



Mr. W. Hok'B reply to the discussion on his paper " On a Method of 
Comparing Steamship Performances and of Estimating Powers and 
Speeds of Ships" was taken as read. 

By request of the Gonndl and in response to a commnnication received 
from the Marine Department of the Board of Trade, Mr. J. R. Fothergill 

rciui a paper on " Sicrcaiitllo M.ariiK 
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MR. W. MOK'S paper "ON A METHOD OF COMPARING 
STEAMSHIP PERFORMANCES AND OF ESTIMATING 
POWERS AND SPEEDS OF SHIPS." 

Before replying to the discussion Mr. Hok made the following 
additions to his paper : — 

THE METHOD SIMPLIFIED (see page 22). 

Mr. Froude pointed out in his communication that by introducing the 
expression for 

Ps = jj-g (6) page 24 

into the expression for 

Pd =Pb XT (6^) page 24 

we obtain the following expression for 

^" = d7T-^^ ^'^- 

where j»D = indicated horse-power per ton of displacement of 100 feet 

model at speed Y,n, 
I = indicated horse-power of ship at speed Y, 
D = displacement of ship, 

I = ratio of linear dimensions of ship and model = — r^, 

q = skin friction correction (Diagram 1, Plate I.), 

? S 1 

and T = —. X 7^ = -T^ X skin-fulness of displacement. 

This expression had been previously deduced by the writer, but he had 
discarded it because he had overlooked the fact that equation (9) led to 
the abolition of U, page 23. This being now pointed out by Mr. Froude, 
he acknowledges at once that expression (9) is far preferable to use to the 
steps proposed in the paper. Besides it has other advantages than the mere 
abolition of U. It seems to make the method altogether more comprehen- 
sible and simple, and to put the whole matter in a much clearer light. 

The further simplification of the method, which the writer gave notice 
of at the Hartlepool meeting, consists in giving such a form to the expres- 
sion for T as to do entirely away with the wet surface S, and to enable one 
to take T from a diagram (Diagram 13, Plate XV.), consisting of a single 
curve, without any calculation whatever. Or it can also be calculated 
from the following formula : — 

r^M. (10). 

= 1:1^ (11). 
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(For the mathematical deduction of 7 as expressed by (10) or (11) 
and another simple eipression for the wet Buriace see Appendix E, p^e 
128.) 

Thus the whole process of converting ships into 100 feet models is 
as follows : — Given length, disphicement, speed and power, 



Find I = 


L 
100' 




T 



^1 

„ g for length L and speed Vm from Diagram 1. 
„ T by fonnula (10) or (11), or Digram 13. 
.. If' 
I 

Deduct qr from — == if L < 100 feet. 

Add qi to ~~j= if L > 100 feet. 
And we have po = I.H.P. per ton of displacement for 100 feet model at 

EsTiMATiHO Powers akd Speeds. 
The corrected cnrvea on Diagrams 9, 10, and 11 (Plates IX., X., and 
XI.) are used in estimating the powers and speeds of ships. Let L, B, d, 
D, and V be the length, breadth, draught, displacement, and speed of ship 
(strictly speaking, only L, D, and Y are needed). What power (I) is 
now required ? 
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Now select among the 100 feet models (Appendix C, page 39) the 
one most similar, especially in regard to block coefficient of fineness (w). 

Take from Diagrams 9, 10, or 11 the power per ton of displacement 
for the 100 feet model at speed Vm (= j»d). 

Take q from Diagram 1 for given L and Vm, 

and I.H.P. for the actual ship L feet long 

= (/?D + q-r) D ^7" 
at speed V. 

Add qt to jt?D when L < 100 feet. 

Deduct qr from jt?D when L > 100 feet. 

If, on the other hand, the power is known and the speed required, the 
procedure is very similar. However, we have here a slight difficulty to 
contend with, being the evaluation of the skin friction correction q^ owing 
to the nature of Diagram 1, Plate I. We have first to guess Vm, which 

is indeed the quantity we want to determine, but this is easily done in 

I H P 
the simplified method by first finding t^~7=' ; then find the speed cor- 
responding to this value from the speed diagrams, and take that speed or 
something slightly more if L > 100, or less if L < 100, for the evalua- 
tion of q. 

On the supposition that the skin friction correction is omitted the 
I.H.P. per ton of displacement of the 100 feet model is — 

Pi> = p ly at speed Vm = -7y . 

Hence it follows that in order to find the powers per ton of displacement 
and speeds of any other similar ship of length L, we need only multiply 

p^ by n/T, 
and Vm „ s/ T", 

which is certainly as interesting and useful to know as it is simple. 

The power is then easily obtained by multiplying by D, which 
power exceeds the actual power in ships of 100 feet in length, and is less 
than the actual power in ships under 100 feet in length by the amount 
due to the skin friction correction. 

Examples of Powers and Speeds calculated by the Simplified 

Method. 

In order to show the application of this method and its extreme 
simplicity, let us estimate the power and speed of the following ship : — 
Length, 245 feet; breadth, 32 feet; draught, 13*38 feet; displacement, 
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1,550 tons; block coefficient, -S^O; speed, 15 knots; indicated horse- 
power? 

Here I = 245 ; JT= ''565 ; f = 14-71 

V„ = 9-58 ; g = -33 ; po = -837 

Dm = 105-4 ; 1 = -156 ; q-i = 051 

<t) = -520; 

B„ = 13-06; Pd- 

rf„ = 5-44; 



-78C 



I 



•786 X 1-565 = 1-230 ; 



> 1900 I.H.P. 



and I = 1-230 x 1550 
If the skin friction correction is neglected : — 

^ = -837 X 1-565 = 1-310, 

and I = 1-310 x 1550 = 2030 I.H.P. 
Should, on the other hand, the power be given and the speed required, 
the procedure is as follows : — 

Find the value of =r—= = -786. 

Ascertain from the diagrams wlmt speed this value of ^d gives. Add 
a slight amount to the found speed, and we can with sufficient accuracy 
put :- 



V„ = 9-58 knots ; 
Dm = 105-4 tons ; 


f is then = -88 ; 
T =-156; 

= 9-58 knots, 


qi = 051 




Pb = -837 
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Using the present notations it takes the form of 

Dm " D 
for the 100 feet model. 

I S 
As the value of t is ^r x — r^:, it follows that 

T = -— X skin-fulness of displacement of 100 feet model, 

= actual skin-fulness of displacement of a 10,000 feet long ship. 
T could have been made to express the actual skin-fulness of displace- 
ment of the 100 feet model, but the values of q, or the skin friction 
correction, would then have been so small as to cause confusion. 

7 a 

As to the simplification of the expression f or t = =: x ^f^' 

The expression for t contains the wet surface, which is not generally 
known without a separate computation. But let us introduce into t the 
expression for S found on page 25 in the paper. 

when dra = draught of 100 feet model, and 
Dm = displacement of 100 feet model. 

Supposing now that for a series of values of Dm we calculate t for 
varying dm, we obtain a series of curves of / (^m, t), one for each 
value of assumed Dm. One of the properties of this series of curves is 
that each curve has a minimum point at some value of ^m ; also the 
variation of t in the vicinity of these minimum points is small for a 
considerable variation of dm. If, then, it should be fortunately so in 
practice that the draughts c^ of 100 feet models for given displace- 
ments Dm> are actually of such values as to correspond to those at or 
about the minimum points of curves / (^m, t), we can with sufficient 
accuracy express t in terms of Dm alone. Let us see if this is possible. 

For this purpose, assume constant Dm and differentiate t as expressed 
by (12) 

j--I-^ = -35 [- ^, -h ^j. 

di 



To find the minimum point put ., . . = 0, and 

^ "^ a {(fin) 



''■» = w ^'^>- 
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If now, as it wdB said before, da, in actual practice can be expreBsed by 
equation (13), it is possible to express r in terms of Dm alone. 



Dm. 


'^. 


(T«ui.| 


{F«t.| 


20 


1-87 


30 


a-29 


60 


2-M6 


JO 


8-60 


100 


*18 


160 


6-12 


aw 


6-92 


300 


726 


400 


8-37 



The table above is catciilat«d from equation (13), and a comparison with 
the draughts dm in the list of ships (Appendix 0, page 39) shows that for 
the whole range of displacement the dranghts in the above table closely cor- 
respond to the draughts in the list, with the exception perhaps of yachts. 
It will also be noticed that the draughts d^ from equation (1 3) are generally 
somewhat smaller than the actual dranghts in Appendix C ; but It must 
be remembered, firstly, that the variation of t is insignificant in the 
vicinity of the Tniniiniim points, and, secondly, that the tendency of our 
time is to make ships shallower in proportion to length. With regard to 
yachts, they are genentlly short, and the skin friction correction as here 
applied is very small compared with the actual power. The error in the 
value of T for yachts may, in exceptional cases amount to 10 per cent., 
which means at the oateide an error of ^ per cent, of the total I.H.F., 
which is indeed small enoi^h. 

So it appears to be tolerably certain that for the mere sake of effecting 
the skin friction correction we get abundant accuracy by adopting the 
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Hence the simple expression for t is — 

1-6 



^/D„, 
1-6 liJJ 



(14), 



(15), 



the latter expression stating t in terms of the displacement of actual 
ship and of the ratio of the linear dimensions I, and the former in terms 
of Dm alone. 

As the writer thinks that ships' dimensions ought to be, although not 
absolutely necessary, reduced to those of 100 feet models for comparison 
and choice of type ship, he prefers to use the expression — 

^ = Vd- (^')' 

and has constructed a curve of t for varying Dm calculated from expres- 
sion (14), which curve is to be found in Diagram 13, Plate XV., and 
from which t can be taken without any actual calculation. 

Note.— While the writer was working at the simplification of t, 
Mr. Froude, unknown to him, showed his deep interest in these matters 
by working for the same purpose at Haslar. He communicated his results 
to the writer, and, strange to say, both had arrived at equivalent results 
in entirely different ways independently of one another. 

Approximate Wet Surface. 
The value of t being also 



it follows that 



/>- 


s 

100 


100 X 


D 



(page 23), 



Wet surface = S = j x t 



= 16 ^/L V'D .... (16) 
when L = length of ship, 

D = displacement of ship, 
which expression for the wet surface is extremely convenient in many 
instances. 

The numerical factor in equation (16) must not be considered 
absolutely constant. It varies with draught and type of ship to some 
small extent. It is practically constant over a considerable range of 
draught in ordinary steamers. At very light draughts, however, the 
factor increases somewhat, but the user of formula (16) can easily ascer- 
tain for himself its variation in ships of the type under consideration. 
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REPLY TO THE DISCUSSION. 

Mr. HOk said tbe reallj most important question raisoil in the debate 
wag which was the more correct principle of comparison, cither power per 
unit of displacement or power per unit of surface (or its approximate 
equivalent D') ? Theory couaidered surface, and so did Mr. Young, Mr. 
Weir, and Mr. Patterson. On hie side he had Prof. Weighton, Mr, 
McGIashan, and Mr. Sivewright. Mr. Froude was neutral. 

He had used power per unit of surface for years, but it failed to 
satisfy him. At low speeds he admitted in the paper that the rate of 
expenditure of power per unit of sor&ce was more constant (hnt not 
much more) for different forms than power per unit of displacement. 
But at high speeds curves based on the former principle spread out in 
all directions, and could not be used with confidence except for very 
similar ships. 

On the other hand, curves based on the displacement spread out a 
little more than curves baaed on the snrface (but very little) at low 
speeds, but closed together at high speeds, where it was far more 
important to have constancy of rate. 

It might interest the members to know that he had not only used 

-^ and -j-, but fJso tried j^ and =-. Of these -^ approached constancy 

at lowest speeds, D' at slightly higher speeds, D° at higher speeds than 
Dl, and D at higher speeds still. So in this respect it really did not 
matter much what comparison was used. Any comparison would be 
advantageous at some speeds and disadvantageous at others. It was 
impossible to get (at least at present) a comparison which would be 
the best at all speeds. And then as a matter of common sense, n 
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corrective term by which jw© should be multiplied was / iil\ Then 

use the corrected p^ instead of the pn from the diagrams. Apart 
from this he felt convinced, although it could not be proved without 
exhaustive experiments, that when it came to the question of sea speeds, 
to the progress of ships among waves, or say on a swell, that is when 
the speed of the ship was not uniform, but always accelerated and 
retarded, due to the pitching motion, the mass, or say, the weight or 
displacement (for ships of equal lengths), constituted by far the most 
important factor in the resistance at all speeds. And if he also added 
that no practical comparison and analysis of performances of ships of 
various types and forms could ever be made unless the principle of 
I.H.P. per ton of displacement was adopted, he had said enough in 
defence of his position. 

It might also be useful to point out that although the powers did not 
vary at low speeds as the displacement, it did not absolutely follow 
that they varied as D^. They might vary as D* or D2, or something else. 

Then they had to consider the introduction of V^ in the divisor, as 
suggested by Mr. Froude. This device had the advantage of making the 
power per unit of displacement fairly constant at lower speeds, so that it 
could be retained in one's memory. At speeds where the wake-making 
element was great, the variation of power-value must, however, be so 
considerable that he doubted very much that the memory could retain it. 
There was a special inducement to Mr. Froude to introduce V^, because it 
magnified the interesting featui*es of the accurately measured resistance- 
curves, I.e., humps and hollows, at the Admiralty experiment works. 
However, V in the denominator destroyed the most important feature in 
the speed curve, viz., the rapid growth of power with increase of speed. 
This raised the question : Should this important feature be sacrificed for 
the interesting, but, in practical comparison, less important feature of 
irregularities on the curves ? At Mr. Fronde's works he should say, yes ; 
in actual practice, i.e., in shipyards, where their only data consisted of 
trials obtained under varying conditions of wind, tide, and sea, he should 
unhesitatingly say, no. Besides, notwithstanding the convenience of 
greater constancy, this device gave hardly such accurate results, for any 
small variation in the value of the " constant," which might look innocent 
enough, made a considerable difference in the power when afterwards 
multiplied by V^. The only thing of which he in his method had robbed 
ships was absolute size ; but this was indispensable, unless one had an 
unlimited amount of data at one's disposal. 

He now came to the question of the necessity for the skin friction 
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and engine friction corrections. This matter wae perhaja best settled hj 
giving two examples. Assnme a model speed curve, the maximum speed 
of which (Vro) was 12 knots. Let this curve be used for estimating the 
power required to propel a 400 feet ship 12 knots. 
Here Vm is 6 knots, 
and jdd is '15 say, 

/» is '75 (Diagram 8), 
g is '14, 
T is -16. 
Then po not corrected for engine friction = — - = "200, 

and Pd corrected for skin friction = '15 — ('14 x '16) ="128. 

Asaaming the displacement of the 400 feet ship = 6,400 tons, the 
I.H.P. when no corrections were made was '200 x 2 x 6,400 = 2,560, 
and in the case where corrections were made for engine friction and 
akin friction = -128 x 2 x 6,400 = 1,638, showing, in the former 
case, an excess of 922 l.U.P. or 56 per cent., being 17 per cent, for the 
skin friction and 39 per cent, for the engine friction. Although in 
most cases the excess, by ignoring these corrections, was not so large as 
in the example chosen, it showed the jmportanos that should be attached 
thereto, and also the reason why large ships gave such surprisingly good 
results. It was due simply to an incomplete method of calculation. One 
thing was certain if, omitting these coiTections, the tendency had in 
general been to give inferior speed results, these corrections would have 
been made long before now. 

Prof. Weighton thoi^bt it was unnecessaiy to convert ships to one 
common standard, and was in this supported by Mr. John Ii^lis. He 
could only say that he thought that both Prof. Weighton and Mr. Inglis 
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system facilitated the comparison between dissimilar ships, spot at once 
the power required, and where the corrections in question were already 
applied, ought to be apparent. 

Prof. Weighton admitted, however, that to reduce ships to a common 
standard of length was of advantage in analytical investigations. So the 
method was admittedly analytical in character. And he (Mr. Hok) could 
not possibly see that any method which was not analytical in character 
could be of much use for estimating purposes. To him a single speed 
curve had little or no meaning. True, one could in an automatic fashion 
calculate the speed for a similar ship by its agency, but the speed curve 
tnust be brought into comparison with others by a method like Mr. 
Fronde's or his own before it became full of life and significance. 
Besides the time required to convert a ship's speed curve into a model 
speed curve was so insignificantly small that the additional labour need 
not be considered. 

He believed with Mr. John Inglis that the only acceptable way of 
estimating speeds and powers was by making use of the records obtained 
at progressive speed trials, and for this reason he constructed the method 
now brought before the Institution. He could not help thinking that Mr. 
Inglis' 1,000 runs would be of much more value if they were reduced to 
a common standard such as he (Mr. Hok) proposed. 

The table of fineness and speed appended by Prof. Weighton (page 58) 
was not antagonistic to the table of fineness and speed given by him. 
Prof. Weighton's speeds for given fineness purposed to be speeds beyond 
which the resistance became disproportionately high ; whereas to his table 
must be attached quite a different meaning. It was an attempt to answer 
a question which often perplexed the naval architect. What fineness 
should a ship be given which was intended to steam a ceitain speed ? or 
vice versa, what was the maximum speed a ship of given fineness ought to 
be driven ? To put the matter differently, if they wanted to drive a 500 
feet ship 38 knots, she ought to be at least as fine as '4 ; if the fineness of 
the 500 feet ship was '8, her speed should not exceed 12*2 knots. Prof. 
Weighton, on the other hand, said that the resistances of 500 feet ships 
•4 and '8 in fineness became disproportionately high at 26*4 and 12*2 
knots respectively. 

He hoped that this explanation sufficed to show the different interpre- 
tation that should be put on his table and that of Prof. Weighton. But 
apart from this, he had not the slightest doubt himself that his own table, 
page 33, needed revision to some extent, and as attention had now been 
drawn to the matter it would in all probability soon be revised. 
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Ab the table stood the block coefficient of fioenesa could be approxi- 
mately stated in terms of the speed by the following equation : — 
__2;;6 
" ~ VjT' 
2-6 X i* 
- Ti ■ ' 
using the same notations as throughout the paper. 

So, the apparently high speeds obtained by Prof. Weighton from his 
{Mr. Hiik's) formula were approximately correct. The difficulty of attain- 
ing these speeds, however, lay in the imposaibOity of 500 feet ships carrying 
macliiiierj powerful enough for the purpose. This was due to the fact, 
which he had pointed out before, that whereas the I.H.P. per ton of 
displacement for the 100 feet model wasj^o, the I.H.P. per ton of dis- 
placement of the 500 feet ship wsapo J~5 = Hpo at the corresponding 
speed. In order to successfully, drive a 500 feet ship a speed cwre- 
sponding to torpedo boat speed it would be necessary to put in reliable 
machinery into the 500 feet ship of 4^^ ot the weight of torpedo 
boat machinery per I.H.P., which at the present time was an impossibility. 
Therefore, the speeds given in his paper could not . be obtained at the 
present time with the present oontrivances. But no doubt when further 
progress was made in engineering, they would not be impossible of attain- 
ment. 

It might be of interest to speculate on the speeds that could be 
obtained by putting into ships machinery of a constant value of I,H.P, 
per ton of weifjht. 

It bad been shown that speeds (V) equal to Vmn/T could be obtained if 
the I.H.P. per ton of machinery varied as ,/7. What speeds (V,) could 
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Assuming n = 3, i.e.y power varying as the cube of the speed, 



The limiting value of — ^ — being ^ it followed under the assumption 

that the weight of machinery per I.H.P. was constant that the corre- 
ponding speed lay between 

Vm^T and VmN/T 

depending on the variation of power with speed. It lay much nearer 
VmN/Tthan YmJTy and the former value being the smallest speed, 

assume it correct ; then the speeds for a 500 feet boat would come out 
as follows if the weight of machinery per I.H.P. was assumed constant, 
and, of course, no retrenchment was made on carrying capacity in pro- 
portion to size, etc. : — 



Speed of 
100 feet Boat. 


Speed of 
600 feet Boat, 

LILPper 
Ton of Weight 

▼aryingas 
VT. 


Speed of 
600 feet Boat, 

LH.P. per 
Ton of Weight 

a Oonstant. 


9 
12 
17 
24 


20-1 
26-8 
38-0 
53-6 


15-4 
20-5 
29-1 
410 



Now 



V 



n-l 
Vra X I 2h 



■""vr 



■ YmJT 

from which it followed that, for a given value of w, the larger a ship 
was made the smaller was the proportion of V it could attain if the 
I.H.P. per ton of weight was constant. Assuming n = 3, 

Vx = -891 V for a 200 feet boat, 
Vi = -707 V for an 800 feet boat, etc. 
From this it followed, too, that if I be given, that is, if the length 
of ship be fixed, the more rapid the increase of resistance with speed 
became, that is, the larger the value of n was, the smaller would be the 
reduction of speed Vi. 

Say the ship was made 500 feet, and w = 8, :^ = "765. 



» 



» 



n = 6,^ = - 



876. 



Another important matter was the discussion on the engine friction 
correction (/i). With regard to the curve given by Mr. Purvis, it must 
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be distinctly understood that it was not a cnrre of engine fHction correction 
(/i), but a curve of propulsive coefficienta made unity at the maximum speed. 
Tlie difference in nature between these curves lay in the fact that the one was 
corrected for variation of propeller efficiency, and the other was not. The 
curve of <ji) could never take any other form than that shown in Diagram 
8, Plate VIII., and had its maximum at the maximnm speed. The cnrve 
of propulsive coefficients on the other hand, as shown by Mr. Purvis, had 
probably in many cases a maximum valne at some speed below the maximum 
speed. But he waaloath to believe that very many ships had their maximum 
efficiency at a speed so low as ^ths of the maximum speed. Nor did he 
think that the value of the ordinate exceeded unity by so much as shown 
by Mr. Purvis, except in ships with exceptionimy bad propellers and ships 
driven on trial at a speed considerably above their intended speed in 
ordinary working. So he was convinced that in good ships, and in ships 
not driven on trial above their ordinary working speed, the difference 
between the curve given by Mr. Purvis and his corves on Diagram 8 was 
nothing like the amount shown. It might or might not be so ; the fact 
nevertheless remained that this difference showed the approximate nature 
of the correction, when the propeller efficiency was assumed constant at all 
speeds. He did not doubt that Mr. Froude and Mr. Denny could make 
the full correction ; outsiders could not. So in the meantime they 
had to be content with the curve of engine friction correction ; and 
there was really no reason why either this correction or the skin friction 
correctionahould be discarded, aa Prof. Weighton, Mr. Weir, and Mr. John- 
son seemed to think, because it was impossible at present to effect the far less 
important correction, viz., the propeller efficiency correction. The small 
error introduced by this omiBBion was on the safe side — and they could incur 
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ency curves (even exceptional ones) and the engine friction correction 
curves would probably be very small indeed. This view was supported 
by Mr. Purvis's curve if converted in the way indicated. 

Mr. Young's formula for the engine friction correction (/*) would no 
doubt be of use to those who had not Diagram 8, Plate VIII. It must, 
however, be understood that the formula at its best was only an approxi- 
mation of the true curve of fi. Mr. Young's formula gave a parabola set 
off downwards from a line drawn through the origin and making an 
angle of 63 J degs. with the base-line. The curves on Diagram 8 were not 
of a parabolic nature, and Mr. Young's formula could not represent /* for 
very many types of ships. The objection to his second formula stating 
fi in terms of I.H.P. and N.H.P. was the underlying assumption that 
the power varied as V. The only correct way of obtaining a curve 
of fjL was to find on trial the initial friction by the method indicated in the 
paper (page 27), the initial friction being, besides the speed curve, the 
only material required for the construction of a curve of fi, 

Mr. Young was quite right in assuming that the initial friction de- 
pended on the size of the engine, and not on its indicated power. Indicated 
power implied speed, whereas the initial friction was the friction when the 
speed = 0. So there could be no more connection between the I.H.P. and 
the initial friction than might have its origin in different construction of 
engines of the same size but of different maximum powers. By experi- 
menting seven years ago on ships built by Mr. Laing. it was found that 
the initial friction of ordinary triple expansion engines, expressed in tons, 
was on the average -j^th of the diameter of the low pressure cylinder, 
*.^., for a 64: inches low pressure cylinder, 4 tons. 

Mr. Sivewright understood him to advocate increase of beam for 
the attainment of higher speeds. This was incomplete. He advocated 
increase of beam with an accompanying increase of fineness. Assume con- 
stant length, draught, and displacement. Increase the breadth and decrease 
the coefficient of fineness (or would it not be better to say coefficient of 
fulness ?) in the same proportion, so as to keep the displacement constant, 
and this change would result in an increase of speed — very little, he must 
admit, at speeds where the surface friction element predominated, but 
considerable at speeds where the wave-making element predominated. 
This was borne out by numerous trials, and was mentioned by the 
President as his experience. Here he must admit he did not understand 
Mr. Young's statement as to the relation between fineness, breadth, and 
limiting speed, and he was curious to know on what facts his reasoning 
was based. 

VOL. Z.-]flM. 12 
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Mr. FothergUl felt the want of a formula for expressing the angle of 
entrance and mo of ships. He would give him one he had used for years, 
based on Kirk's analysis : — 

where V = coefficient of fineness of midship section, 

= prismatic coefficient of displacement, 
B = breadth of ship, 
L = length of ship, 

and 6 = ^ mean angle of entrance and run, 

or roughly, 

whole mean angle of entrance and run, 20, expressed in d^:rees. 

He had replied to Mr, Withy at West Hartlepool, but he desired to 
add that the ship of 5,700 tons referred to was in all probability not 
400 feet long. Say she was 300 feet instead. Then 5^ X s/ 3 = 9| 
knotF was the speed, which should not be exceeded. Mr. Withy drove 
her 9 knots. So his deductions were in agreement with Mr. Withy's 
practice. 

He wished to state ^ain most emphatically that all speeds In hia 
paper, with one solitary exception (being the speed of S knots given 
as marking the progress in the Navy), were speeds referred to the 100 feet 
model. Numerous mistakes had been made by speakers through ignoring 
this matter. The speeds corresponding to any ship of length L were the 
speeds referred to throughout the paper multiplied by 
the ,qo.re root of '""g"',!''"''' '■ ■ 
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flequently, diBplacement was no measure of fineness, and needless to say 
he (Mr. Hok) never assumed or said anything to that effect in the paper. 
In connection with the engine friction, when he distinctly stated 
in the paper that he was referring to high speed ships, Mr. Weir altered 
that statement into fine ships, thereby himself meaning ships of small 
displacement, and easOy enough proved his (Mr. Hok's) conclusions to be 
faulty. In connection with high speed ships his (Mr. Hok's) conclusions 
were correct. It would no doubt be useful here to point out, and at the 
same time it answered an objection at the end of Mr. Weir's remarks, that 

it was not the fine ship which had a large value of ^^ , but the ship 

of small displacement, which Mr. Weir would see at once by only looking at 
his own table. Mr. Weir also resorted to an imaginary case. Mr. McGlashan 
was good enough to answer him there. With regard to the comparison 
between ships of different types and form in the latter part of the paper, 
he must say that in deciding which ships showed excessive resistance due 
to shallow draught, and which due to large machinery, he was careful 

enough to compare ships having approximately equal values of ^r— . So 

even here his own comparison was correct. Generally, if Mr. Weir would 
make clear to himself the distinction between a fine ship, a high speed 
ship, and a ship of small displacement, his remarks would appear to him 
in a different light. 

If Mr. Sivewright had reduced the midship sections he exhibited to 
one unit of length of ship, as Mr. Young suggested, the comparison would 
have been fair ; it was not so now. 

Mr. McGlashan's remarks were those of a practical mind. He 
approved of the principle of comparison, and altogether he (Mr. Hok) was 
extremely obliged to him for his contribution. 

He had left Mr. Froude to the last. Not only did he honour the 
Institution by writing a most valuable communication, but privately 
he had been most willing to give him assistance. He was very grateful 
for his communication, because it assisted him in simplifying his own 
method to a very great extent. One thing he regretted, that Mr. Froude 
did not see his way to give them also some of his valuable practical experi- 
ence. With regard to the alternative method he proposed, based on the 
principle of comparison advocated in the paper, he (Mr. Hok) had 
given his reasons why he preferred his own. But, saying this, he fully 
agreed with Mr. Froude that "the way in which given principles of 
comparison are carried out are to a great extent a matter of taste/' 
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Mr. Proude's alternative method waa nndoiibt«ily a moet valnable one, 
and ought to commend itself to those who' were used to the Admiralty 
coefficient*!. 

In order to show better the different steps in both methods, he had 
tabulated them below side by side. 

He assumed that the ship was converted into a 100 feet model in 
both methods, although not necessary in either. 80 in both cases they 
had to get I, -JX P, D^, «, Ba,, dm., and Vm, in order to choose the 
proper type model in Appendix C and value of p^ from the di^;rams. 



Mr. Froadrt Method. 


Hr. Hfik-i new lleOiai. 


.«{?!: 


- 


„ Equivalent to— 

Pa from curved or memorj. 
„ Q from ctirrea or memorj. 


q from cnnes. 


" ^ - « * ■^■ 


T fromcar-e. 


. 02. 


JT. 


., r. ♦ 02. 

. (K, . 02) Dl V - I. 


(PC +jt)Dv/7 - I. 



The only dimensions absolutely indispensable were length and displace* 

ment. So there was no difference between the two methods in that respect. 

To come finally to the discussion at Sunderland, he had answered Mr. 

Purvis in his previous remarks, because Mr. Purvis was kind enough to 
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Then, firstly, it must be quite evident to anyone reading through the 
paper that he (Mr. Hok)didnot base his conclusion of the relative merits 
of single and twin-screws on the " Tripoli." But for all that he still main- 
tained that the " Tripoli " showed markedly the inferiority of the single 
screw. Mr. Patterson's reasoning with regard to the " Tripoli" was simply 
due to an oversight on his own part. He said " they could not expect eflBciency 
from a propeller one-third the proper size for its work." Mr. Patterson's 
"confusion of ideas" was that he apparently thought that the whole 
power of the three engines was put through the single screw when the 
ship was tried with only one screw. Needless to say, this was not the 
case. When tried with one screw, one-third of the power was developed, 
which was shown by the diagrams. So he (Mr.Hok) had no reasoti for believ- 
ing that the screw was placed at a disadvantage, and must therefore keep to 
the conclusion arrived at in his paper. Apart from this, his reference 
to triple screw propulsion and guide blade propellers must not be looked 
upon as an attempt to settle the question of their relative eflBciencies (for 
it must be admitted this could not be done by two solitary examples), but 
as an appeal to the members to give their experience of this kind of 
propulsion, and in this way possibly advance the matter. 

A misrepresentation came next. Mr. Patterson quoted his paper to 
this effect : — " Mr. Hok compared Atlantic liners with Government 
cruisers and advocated strongly a form of ship of the * Edgar' and 
' Blenheim ' type as a substitute for the present form of Atlantic liners." 
But in no single place in the paper did he compare Atlantic liners with 
Government cruisers; and the sentence wherein he, according to Mr. 
Patterson, "advocated strongly" a form of ship of the "Edgar" and 
" Blenheim " type as a substitute for the present form of Atlantic liners 
ran thus: "Would it be advantageous to make Atlantic liners after the 
model of the ' Edgar,' etc. ? It is a series o£ problems which is 
recommended for the consideration of the members of this Institution." 
And it was because he knew that the problem could not be so simply 
solved as by comparing the horse-power per ton of displacement alone, 
and because the commercial element, strength, cost, etc., did not enter in 
the scope of the paper that he left all comparison out and framed his 
sentences in the form of a query and a recommendation. Having pointed 
this out, there was not much need for a further reply to Mr. Patterson's 
remarks on that point. However, Mr. Patterson had been good enough to 
show that the "Edgar" or "Blenheim" gave better performances, even 
if they looked at them from the point of view of equal displacements, 
which somewhat surprised him; and as he (Mr. Hok) had shown that 
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they were better if made of equal length, the problem whether ships 'of 
their form would really make good BobBtitnteB for the present liners was 
well worth looking into. 

Mr. Patterson was right in assoming that he, when speaking of the 
influence of draught of water, meant I.H.P. per ton of displacement. 
The diagrams showed this to be his meajiiog. It was very probable that 
in other places they wonld find simUar omissione, bnt anyone reading the 
paper intelligently could, without any difficulty, supply words which, 
through fear of too frequent repetition, were suppressed. 

In the comparison of cargo steamers with the Admiralty designs he 
stated explicitly in the paper that he compared only ships of equal 
displacements, so Mr. Patterson's favourite figuring process was here 
entirely anperfluons. Ship No. 92 was not of equal displacement to 
either Nos. 140, 129, or 125, so she was out of the reckoning altogether. 
No. 122 was, however, of about equal displacement to No. 125, especially 
if made 'S in fiueness, go these ships were directly comparable, and they 
most decisively suppori;ed the position he (Mr. Hok) had taken up. With 
regard to the conclusions he had come to respeaing modern cai^o steamers, 
he based them on more data than be had shown. To have drawn addi- 
tional curves would have caused unnecessary confusion. Those omitted 
were, however, all very similar to those represented on the diagrams, 
which curves might therefore be taken as representative curves. 

With regard to his alleged confusion of power due to relatively lai^e 
wetted surface with power due to excessive engine friction, he had already 
dealt with this in his reply to Mr. Weir. 

Then as to the comparison of the " Paris " and the " Umbria." If 
Mr. Patterson would be good enough to look up Ma paper, he wonld find 
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of comparison. The notion that ships conld not be fairly compared 
unless they were reduced to the same displacement had taken very strong 
hold of Mr. Patterson. He would not attempt to prove that Mr. Patterson 
had here fallen into a grave error, but would content himself by referring 
to Mr. Fronde's communication, where he gave his opinion of the method, 
for if there was any man who might be expected to exclusively uphold the 
method of reducing ships to the same displacement, that man was Mr. 
Froude. But, although approving of reducing ships to the same length 

Mr. Froude preferred to use as ordinates not jr but jr^ ; but, mark, not 

because the resistance varied as D*, but simply in order to get rid of Z in 
the numerator and in the expression for t. He (Mr. Hok) had already 
explained why he preferred D to D*. 

The great importance Mr. Froude attached to comparing ships of 
equal lengths may be learned by a reference to his paper read in 1888 
before the Institution of Naval* Architects. 

He used in his method the length constant M^ which was a constant 
proportional to the length of ship. About it he said : — "A search among 
the M values for previous models will show which models correspond 
most nearly with the new design in the' very important respect of posses- 
sion of a given length for given displacement." 

Another constant was the ** length speed constant" Z, which expressed 
the ratio of speed to a unit speed appropriate to length. " This value of L 
is also of service in comparing the results of forms which differ only 
in longitudinal scale, since in such cases it is a comrnon value of L that 
the most nearly corresponding conditions of wave-making resistance 
will be developed." 

This "length speed constant" was equivalent to Vm or the speed of 
the 100 feet model. Hence it followed that the most nearly corresponding 
conditions of wave-making resistance were developed at the same speeds Vm ; 
or, in other words, all humps and hollows on the speed curves occuiTed at 
the same speeds Vm for all ships. Mr. Purvis had also pointed this out. 
It might be instructive to add here the hump speeds and hollow speeds for 
100 feet models. (R. E. Froude, 1881.) 

Hump speeds, 6*05, 6"86, 8*1, 10*45, and 18 knots. 
Hollow speeds, 6*4, 7*4, 9*05, and 12*8 knots. 
Mr. Froude also said : "The deeper the draught the higher are the speeds 

which humps and hollows occur." But within ordinary limits of 
draught the positions of humps and hollows did not vary much. 
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Mr. Froadc'B 1888 principle uf comparison, i.e., of redacing ahipe to 
equal displacement was superior to the principle of comparison he 
advocated, at least when the following problem had to be solved : — For 
given displacement and say, also draught, which was the best possible 
form of diip when length, breadth, and fineness could be indiscriminately 
varied ? But generally in practice the shipbuilder was not called upon to 
solve this problem, for the question of cost precluded anyone adopting 
the best possible form for given displacement. So the length was 
generally fixed beforehand, and when length was fixed be should say the 
principle he (Mr. Hiik) advocated was the more convenient and simpler 
of the two. But yet Mr. Fronde could more easily detect by his method 
whether a small variatioo of the adopted length woald be of benefit or 
the contrary. This might at first sight seem a great advantage. It 
might therefore be useful and also interesting to investigate under what 
conditions any benefit would accrue from an increase of length (keeping 
constant displacement) and when not. 

For convenience let it be asked wh^her an increase of length would 
bcn^t a 100 feet model, 

the displacement of which was Dm ^ 

I.H.P. per ton of displacement po > Then I.H.F. = j>d Dm. 
speed Vm J 

Lengthen the 100 feet model X feet. 

Length was then 100 + X, 
Displacement Dm, 
Speed Va. 

Make this 100 + X feet model into a 100 feet modeL 
Then displiicement w 
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Call the I.n.P. per ton of displacement for the original 100 feet model 

Y 

=^d' at speed -y, and on the assumption that the I.H.P. for constant dis- 

placement varied as the nth power of the speed, 

K ((^^)) • 

This expression gave the value of 

U 
at speed —^ of the original 100 feet model. 

But the displacement of this model was Dm, whereas the displacement 

of the 100 + X feet model made into a 100 feet model was - ™. 

P 

These displacements being different it was necessary to correct the rate 

/?d' so as to apply to the latter displacement. Assuming, then, that for 

constant speed the I.H.P. varied as the rth power of the displacement, 

Pj> 

and hence : — 

«= — jT— ^P^^ 

and finally, xjl= -j^^nn) ^ P^- 

Hence it could be decided whether it was a gain to lengthen the ship by 
the value of 

pi^nrr, = ^ (say). 

And it was easily seen that the conditions were : — 

If 3 < 1, gain by lengthening ; 
8 =: 1, neither loss nor gain ; 
5 > 1, loss by lengthening. 
Now r was generaUy assumed = f , 

and I then became = I ~ , 
from which it was seen if n = 8, ^ = 1 ; neither gain nor loss, 

w > 8, a < 1 ; gain, 
w < 8, J > 1 ; loss. 
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So when the power varied as D' and the speed at a higher rat« than V 
they gained by lengthening the ship. 

If r was = 1, i.e., I.H.P. varying as Uie displacement, 

which wae always less than I as long as n > 1. This was always the case 
in Bhips. Hence, if the power varied as the displacement pure and simple, 
there was always a gain in lengthenii^. 

And by fiirther studying S it was seen that if the power varied at a 
higher rate than D', there was always a gain even if the power varied 
at a lees rate than V (the corresponding indices for V, when the indices 
for D were given, could easily be worked out). 

Therefore, as the power almost always varied at a higher rate 
than V^ and never less than D', they generally gained by increasii^ the 
length of ship. It was firstly at very low speeds that the power 
varied at a less rat« than V, but at very low flpecda the question of 
varying the Ici^h of ship for the sake of influencing the resistance never 
arose. At high speeds, on the other hand, i.e., at speeds where the power 
varied at a higher rate than V*, the question of increasing the length had 
often to be faced, bnt then it was always a gain except perhaps when the 
corresponding speed happened to fail about half-way between the humps and 
the following hollows, where probably the power varied at a less rate than 
V^, air least if the speeds were not abnormally high. The speeds, when it 
was doubtful (except to Mr. Fronde and Mr. Denny) whether an increase 
of length really benefited the ship, occurred for the 100 feet model at about 
6-2, 7'1, and 8-6 knots; bnt as this refined treatment, which Mr. Fronde 
and Mr. Denny alone could apply by virtue of their accurately measured 
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MERCANTILE MARINE ENGINEERS. 



By J. R. FOTHERGILL, Vice-Pbksident. 



[Rbad bbpobb thb Institution in Newcastlb-upon-Tynb on 

Januaby 16th, 1894.] 



Your Counca having received from the Board of Trade the letter 
appended herewith (see Appendix A, page 156), with the intimation they 
would be glad to receive any observations thereon, considered, after full dis- 
cussion in Council, that, as it contained matter of considerable importance, 
bearing upon a subject which this Institution was peculiarly well qualified 
to discuss, it was desirable to bring the subject before the members in 
general meeting, as their expressed opinions under such conditions would 
carry great weight and significance. 

Your Council also felt that it would facilitate and promote discussion 
by embodying the general features of the subject in a short paper, which 
the writer, by request of the Council, undertook to do. 

The writer fully realises the controversial nature of the proposals 
emanating from the Institute of Marine Engineers, and he foresees it is 
possible shipowners and those not directly conversant with the practical 
routine of the engine room, or clearly recognising the necessity for manual 
skill, particularly on the part of junior engineers, may misconceive the 
direct 'purport of the resolution put forth in the letter referred to, and 
therefore it appeared desirable to concisely review the circumstances 
affecting the proposed alterations conveyed in the resolution. 

What are the present conditions affecting mercantile marine engineers, 
and how would the proposed alterations operate ? 

By reference to the Board of Trade Regulations (see Appendix B, page 
158) it will be observed the Board of Trade grants to engineers two certifi- 
cates of competency and one (extra first class) honorary. In all foreign 
trading steamers above 100 N.H.P. it is necessary to have two certificated 
engineers ; but if more than two engineers are carried, it is not com- 
pulsory they should be artizans, or in fact that they should have served 
their time to any trade at all. Some superintendents used to prefer, 
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when four engineers were carried, that the fourth shonld be a boiler 
maker; and although this practice has not come into general nse, it did 
appear to offer advantages in the earlier stages of engineering, vhen 
boilers were not constmcted with the high-claES tools of comparative 
recent date. 

Some years ago it was quite common in cargo steamers when three 
engineers were carried for the third to be a promoted fireman or donkey- 
man, but as time went on owners realised the advantage in having as 
third a mechanic. Is it not infinitely more necessary at the present day 
that engineers should be trained and educated to the ever-increasing 
multifarious duties nnder their charge and responsibility F 

It is to the junior engineers of the present day we must look to for 
om" chiefs of the future. 

Twelve to fifteen years ago steamers of 2,000 to 3,000 tons deadweight 
carrying capacity, having compound engines of 150 to 200 N.H.P., were 
considered tai^ steamers, whereas at the present day these relative 
capacities have not only been doubled, but the demand on the knowledge 
and capability of the engineer has been enormously increased by the 
introduction of triple engines and high pressure boilers, and additional 
auxiliaries and economising apparatus. For instance, feed-heaters, distil- 
lers, evaporators, refrigerators, steam steering gears, steam windlasses, 
steam heating, electric light installation, hydraulic gears and apparatus, 
etc., and in addition to all these, several donkeys with their many and 
intricate connections to all parts of the vessel. Take a steamer of the 
present day, having engines of from 260 to 300 N.H.P., with the nsual 
auxiliaries. Such a steamer occasionally carries only three engineers, and 
rarely if ever exceeds four. The third engineer is not always an experi- 
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No doubt when the Board of Trade regulations were drawn up they 
met the requirements of the times, but the march of progress has been 
rapid, and the necessities of the case demand thorough practical and 
technical knowledge ; yet, it may be asked, does this demand upon the 
educational capabilities of a sea-going engineer require more than a 
technical knowledge, namely, a useful knowledge of the principles that 
govern the general working of the machinery under his charge ? It must 
be remembered where there is a demand for scientific and high-classed 
education on the part of the chief engineer, or a chief engineer wishes to 
prove his scientific attainments, to meet such demand, he can obtain an 
*' extra first class certificate," which is by no means an easy examination. 

It is particularly in reference to applicants for appointments as junior 
engineers that evidence is required of their having had a technical educa- 
tion. This might be met by certificates granted by the Board of Trade, 
on a preliminary examination or an endorsement by the Board of Trade 
of certificates given by the committee of technical and science classes. 
There should be little or no excuse for apprentices not attending technical 
and science classes which are held during the evenings in most towns, and 
it is a pleasing feature to find the majority of employers appreciate the 
good these classes are doing and facilitate the attendance of their appren- 
tices. Speaking from knowledge, as one of the committee of the West 
Hartlepool technical and science classes, I am pleased to say these classes 
are well attended, with most satisfactory results. Those who can afford, 
and are desirous of obtaining scientific attainments, can attend a course 
of lectures, etc., at such institutions as the Durham College of Science, 
Newcastle-on-Tyne. 

Although we may all fully agree as to the necessity and demand for 
technical education, yet we must be careful not to overlook or under- 
rate the value of a thorough practical shop tniining in the use of file, 
hammer, and chisel. 

The question raised as to the term of apprenticeship really means the 
period or time required for an apprentice to become a proficient workman 
(see clauses 2 and 8, Appendix A, page 157). The old-fashioned appren- 
ticeship of seven years became five, and we now frequently find it does 
not exceed four and a half or even four years. Many consider three years 
in the shops and two at such an institution as the Durham College of 
Science, Newcastle, meet all requirements. Without enquiring how far 
this meets the case of those who are being trained for special positions, 
does it meet the requirements of the engine room, where practical expe- 
rience in the vm of tools is so indispensable ? The Board of Trade 
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r^^lationB for candidates for engineera' certificates require an apprentice- 
ship of three years in the shops or four years in an engine room at sea 
(see clauBes a and b, par. $5, Appendix B), but it should be remembered 
these reguIatiouB were drawn np thirty-two years ago. 

The real and growing difficulty at the present time is the gradual 
extinction of the all-round practical training of apprentlceB who are 
destined to become sea-going engineers. Keen competition and the 
growth and expansion of machinery has developed sub-division of labour 
and destroyed the old-fashioned plan of an apprentice going through the 
shops. In fact, machinemen and fitters have practically become two 
distinct classes. A lad on entering a shop has, in some works, the chance 
of going to the machines or to the vice, but, whichever he chooses, the 
probability is there he will remain. It is manifestly unreasonable to 
assume an apprentice who has served the whole or the greater part of 
his time at lathes and planing machines is competent to fulfil the duties 
of third engineer, and this is felt most severely in steamers which carry 
only three engineers. Take a steamer of 1,000 I.H.P., trading to India, 
say 60 to 70 or even 90 .days, steaming on the round voyage. The 
average time loading and discharging during the voy^e, and in which 
overhauling and repairs can be done is, say 14 to 18 days, and, not 
infrequently, much less. It can well be imagined the unfortunate state 
of aifairs when there are only three engineers and the third a duffer, due 
to limited shop experience. Something is n^lected or, in the majority 
of cases, done wrong ; stoppage takes place at sea, and the anxiety and 
worry caused to the chief engineer is most unsatisfactory and depressing. 
Every superintendent knows the expense and delay caused by such 
incompetent men, although it is doubtful if owners are sufficiently C(^- 
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more varied experience and are conversant with engine room require- 
ments. Unfortanateljy in the interest of these apprentices, the Board of 
Trade has not favoured this view (see par. 23, Appendix B, page 159), 
yet it is hoped the Board of Trade will now recognise that the shops 
associated with the large graving dock companies, although they may 
not build erigines, are at the present day excellent training schools. 

It has been suggested there is not any absolute necessity for the pro- 
posed five years' service to be during apprenticeship, although it may 
appear very desirable it should be during such period, and that an 
apprenticeship should not be less than five years, yet, if an applicant for 
a certificate can show he has served or worked five years in the shops and 
on board at repairs, etc., prior to his going to sea, it is thought to be 
immaterial whether service be during apprenticeship or after becoming a 
journeyman. 

The feeling is that, if the proposed five years' service be restricted to 
apprenticeship, it would close the door to many proficient and experienced 
journeymen who might not have served a full five years' apprenticeship, 
although they would have served an apprenticeship acceptable in their 
day and the balance as journeyman to complete the requisite five years. 

What is required is experience and, apparently, five years is considered 
the minimum time necessary to acquire that experience, but is time the only 
element ? Should not some stipulation be made that at least, say, one-third 
of the time should be given to work other than that at the machines ? 
The Board of Trade regulations recognise the value of an efficient shop 
training (see par. 24, Appendix B, page 160). This regulation (if it 
is ever put in force) should somewhat ensure proficiency in a candidate 
for a second class certificate, as he must make up for shop deficiency by 
prolonged service on board, but this does not meet the question. The 
contention is a junior engineer should not be appointed without substan- 
tial recognition of proficiency, and more especially so in the large majority 
of steamers, where only three engineers are carried. This is really the 
crux of the whole question, and may be summed up as follows : — The 
majority of steamers carry three engineers only. In such steamers the 
engine room requires in a junior engineer one who not only knows how 
. work should be done, but one who can do it. 

So far reference has been entirely made to the fitness of junior or 
assistant engineers in steamers carrying three engineers only, for, in the 
liners and larger steamers, where several junior or assistant engineers are 
carried, the ciicnmstanceB are very different, and the want of all-round 
experience lb not so severely felt, as each junior is under the authority of 
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a qualified engineer in chai^ of the watch, and may serve on board as 
junior engineer for several years before he is actually put in chai^ of a 
watch, and thus hia individual responsibility is limited. The following 
is the engine room staff of one of the mail steamers : — 1 chief engineer, 

1 senior second, 2 Junior seconds, 1 senior third, 6 junior thirds, 1 senior 
fourth, 5 junior fourths, and 3 fifths, aad, in addition, 3 electricians, 

2 hydraulic engineers, and 2 refrigerator men, or, in all, an engineering 
staff of 26 hands. 

We now come to the second part of the resolution, namely, the desira- 
bility of creating a third grade certificate. The object of this proposition 
is set forth in the last clause of the letter (see Appendix A, page 158). 

In the liners and larger steamers, where several juniors are carried, 
promotion is neceasarily very slow, and thus a junior may serve as a 
junior for many years without the slightest opportunity of being el^ble 
for a second class certificate. An eligible candidate must have served 
one year on regular watch, namely, he must be the engineer in charge of 
the watch (see par. 22, Appendix B, p^e 159). 

It is considered if a third grade certificate be granted it would give 
great satisfectJon and encouragement — in that it would create a position 
and give status to many who have to wait long for promotion. It must 
be remembered many of the junior or assistant engineers in the mail 
steamers have years of most valuable experience, and yet they are not 
eligible for a second class certificate nntU they have been for 12 months 
in charge of a watch, whereas a green hand out of a shop joins a steamer 
as third engineer in which there are only three engineers, and he is, after 
12 months' sea service, eligible for a second class certificate, although, as 
a mutter of fact, he may not have one-tenth the practical knowledge, and 
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The writer considered it outside the scope of his mission to take up 
questions other than those directly referred to in the Board of Trade 
letter. He therefore does not feel at liberty to touch upon the many 
other features as to the requirements of sea-going engineers that might 
with advantage be discussed, such as, for instance : — The advisableness 
of increasing the term of sea service of a second class engineer before 
being eligible for a first class certificate, etc. 

It is proposed that at the termination of the discussion the President 
shall take (by show of hands) the opinion of the meeting on the various 
resolutions appended, and that the resolutions carried shall be forwarded 
to the Board of Trade in reply to the Board's letter. 

In conclusion, the writer desires to say that he has endeavoured to 
treat the subject in a broad, equitable, and impartial manner, and he 
begs to tender his thanks to the several gentlemen who have so kindly 
communicated to him their views. He also begs to thank Mr. Jas. 
Adamson, hon. secretary of the Institute of Marine Engineers ; for the 
copies of Mr. S. C. Sage's and Mr. T. W. Fish's papers, together with the 
discussion thereon, and he further desires to acknowledge the official copy 
of the " Regulations Relating to the Examinations of Engineer," which 
he has received from the Board of Trade, and from which the paragraplis. 
Appendix B, have been taken. 

Proposed Resolutions. 

1 . Every person who presents himself for the first time at a shipping 
office to sign articles as junior or assistant engineer shall prove to the 
satisfaction of the shipping master by documentary evidence that he has 
8er\'ed a five years' apprenticeship, or not less than three years^ ajyprentice- 
ship and two years as journeyman^ on the making or repairing of engines, 
and that during at least two years of such services he shall have been 
engaged at "erecting '' or "fitting," or "working on board steamers at the 
propelling machinery." 

2. The above resolution leaving out that portion in italics. 

3. In addition to resolution 1 or 2 (as may be voted) every person 
before signing articles for the first time as junior or assistant engineer 
shall pass a preliminary examination before the Board of Trade, or have 
attended technical and science (evening) classes for at least twelve months 
or a course of lectures at a college similar to the Durham College of 
Science, Newcastle. 

4. That a third class certificate be granted. 

VOL. X.-1801. ^ ^ 
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5. It shall Dot be compQlsory for all engineerB to obtain a third class 
certificate. 

6. All foreign-going Bteamships carrying fonr or more enginecra, or 
in all stcamabipa of 300 N.H.P. and npwards, the third engineer shall bo 
a certificated engineer. 

7. A candidate for a third class certificate shall have served twelve 
months at sea, and complied with resolntioDS 1 or 2 (as may be vot«d) and 
3 (if voted). 

8. A candidate for a second class certificate shall have served two 
years at Bea iDBtead of one as at present required. 

9. Clause (J), par. 35 (see Appendix B), in the Board of Trade regula- 
tions be annulled. 

The writer added, in conclusion, that as the paper was not written 
under the same conditions as an ordinary paper in that it did not 
embody individnalism, btit was written purely as a basis of discussion, in 
reply to the Board of Trade letter, the writer did not consider it incum- 
bent upon him to reply to the criticism, as he took it the voting on the 
resolutions was the reply to the discussion. If there were any passages 
or expressions in the paper which did not appear clear, the writer would 
gladly explain them. 



APPENDIX A. 
Board of Trade (Marine Department), London, S.W., 
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(Copy) M14639. 

58, RoMFOBD Road, Stbatfobd, London, E., 

,Sej)tember^ 1893. 
To THE Assistant Secbetabt, 

Board of Trade, Marine Dept., Wlntehall Gardens, S.W. 

Sir, — In the name of the Council of the Institute of Marine Engineers, I beg to 
bring before you the enclosed copy of a resolution which was remitted to the Council 
for approval, in order that the result might be brought to your notice, with a view to 
the subject-matter being presented for the consideration of the Board of Trade in the 
most approved form. 

In considering the t^rms of the resolution at a recent meeting, the office-bearers 
and Council of this Institute have had in view all the interests involved, and deemed it 
wiser to lay the resolution, as remitted from the meeting of February 6th, before the 
Board without any alteration or amplification, but at the same time setting forth the 
points which were dealt upon at the recent meeting referred to, when the Council had 
the matter under consideration. 

The following points were deemed worthy of special observation, viz. : — 

(1) The resolution was passed at a meeting of the Institute, held in the ordinary 
course of business, to read and discuss a paper contributed by Mr. S. C. Sage on " The 
Education and Training of Marine Engineers." The title and scope of the paper was 
such as to evoke a grod deal of interest, and the discussion extended over four evenings, 
the dates being Mondays, January 23rd and 30th, Mondays, February 6th and 13th, 
including evening of reading. 

(2) The intention conveyed, or desired to be conveyed, by the resolution is, that the 
engineers who join, or seek to join, the mercantile marine should be as efficient as 
possible, and with this in view it is considered that a)i experience extending over a 
period of five years at least is necessary to meet the requirements. 

(3) The object to be attained by the insistence of the five years* apprenticeship is 
the assurance that the standard of efHciency will be kept up and maintained. 

(4) The desire at the back of these expressions is for the maintenance of the highest 
efficiency in the engine room staff of our steamers, believing that only thus can we 
expect to cope with the ever-increasing responsibility and addition to the duties devolv- 
ing upon the engineers of our mercantile marine, as well as the engineers of Her 
Majesty's ships. 

(5) In the interest of those who have shares in the steamships, or who are steam- 
ship owners, it becomes the duty of- an institute such as ours to point out that the con- 
viction is very strong among the members, that while three years may have been a long 
enongh minimum apprenticeship when the present Board of Trade rules were framed 
(for excei)tional latls to obtain experience in the handling of tools and education in the 
theory of their business), the time has more than come when it is both exj^edicnt and 
necessary to amend the regulations in the direction sought by the resolution. 

(6) Especially should it be looked upon as expedient and necessary that the standard 
of efficiency should be maintained by all reasonable regulations, from the faotij that — 

(ti) Greater and increasing re«ix)nsibilities rest on the engineers of to-day as com- 
pared with those of the past. 

{h) Foreign competition is greater and increasing, and it rests largely with th»i 
most intelligent use of material in the engine department to gain the 
advantage in the competition. 

{(') There is less hand and more machine tool labour in our workshops now than 
formerly, and therefore the more reason for an extended apprenticeship. 
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(^ In our large steamers there are many young engineers who sail for years in a 
capacity junior to fourth engineer, and who have no opportunity for pass- 
ing the examination for second engineer, but who might have granted them 
an opportunity of obtaining a third grade certificate as a means of encour- 
agement. 

I have the honour to be, Sir, yours faithfully, 

(Signed) Jas. Adamson, Hon. Secy, 



Bfisolutwn ;— &;h February^ 1893. 

" That, in the opinion of this meeting, it is highly necessary to amend the 
present regulations as to second class certificates for engineers with regard to 
service in the workshop, where the minimum service should be five years ; and 
that the attention of the Board of Trade should be called to the desirability of 
creating a third grade certificate, which should be granted to those who have 
served at least five years in an engineering work, and one year at sea, and pass the 
prescribed examination." 

The above resolution was passed at a meeting of the Institute of 
Marine Engineers, held in the premises of the Institute, 58, Romford 
Road, Stratford, E., on Monday, Febniary 6th, 1893. 



APPENDIX B. 

Paragraphs taken from an Official Copy of the Board of Trade 
" Regulations Relating to the Examinations of Engineers." 

1. Under the provisions of the " Merchant Shipping Act Amendment 
Act, 1862," no "foreign-going steam ship," or "home trade passenger 
steam ship," can obtain a clearance or transire, or legally proceed to sea, 
from any port in the United Kingdom, unless in the case of a foreign- 
going steam ship of 100 nominal horse-power or upwards, the first and 
second engineers are certificated engineers ; the first possessing a " first 
class engineer's certificate," and the second possessing a "second class 
engineer's certificate," or a certificate of the higher grade ; and in the 
case of a foreign-going steam ship of less than 100 nominal horse-power, 
or a home trade passenger steam ship, the first or only engineer (as the 
case may be), have obtained and possess a "second class engineer's 
certificate," or a certificate of the higher grade. 

3. The certificates of engineers are of two descriptions, viz., certificates 
of competency, and certificates of service ; and of each description of cer- 
tificate there are two grades, viz., " first class engineers' certificates " and 
" second class engineers' certificates." There is also the honorary 
certificate " extra first class." 

7. Applicants will be required to produce, in addition to the usual 
forms of discharge, satisfactory testimonials as to sobriety, experience. 
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ability, and general good conduct for at least the 12 months immediately 
preceding the date of application to be examined, and without producing 
them no person will be examined. If the service has been on shore tlie 
testimonials must be signed by an employer, if at sea by the master and 
chief engineer. 

19. Service in the engine room (afterwards referred to) for qualifying 
a candidate to be examined for a second class engineer's certificate must 
be only in those capacities which afford opportunities of obtaining practical 
experience as an engineer ; and service in the capacity of fireman, stoker, 
donkeyman, greaser, winchman, labourer, engineer's steward, or any other 
capacity than that of engineer taking watch on engines and boilers for 
propelling will not be accepted. 

20. Service as third and fourth engineer in foreign-going steamers, 
where more than three or four engineers, as the case may be, are carried, 
their names being all entered on the articles in their respective ratings, 
may be accepted equally with service as second engineer, to qualify a 
candidate for examination for a first class engineer's certificate, provided 
he has, during the whole of such service, been in possession of a second 
class engineer's certificate (Imperial, or under Order in Council), and 
provided also that he was regularly in charge of a watch. In the case of 
fourth engineers, however, eighteen months of such service must be proved 
for every twelve months required by the regulations. 

21. Service in a capacity below that of fourth engineer cannot be 
accepted as qualifying for any class of certificate unless the testimonials 
of the candidate explicitly certify that during such service he has been 
taking regular watch in the engine room, and that the chief engineer or 
superintending engineer considers him properly qualified by that experi- 
ence to act as chief engineer of a foreign-going steamer of 99 horse-power 
nominal. In any case the applicant must prove l/mt he Ms had the 
responsible charge of the engines or boilers on regular watch for at least 
twelve montlis of sea service^ of which for not less than six months lie mtist 
Iiave been in cliarge of the propelling engines ami rated on iJie articles not 
lower tfuin fourth engineer. 

22. Having "responsible charge" will be understood to imply, in 
regard to the engines, that the applicant, for the time specified was, on 
regular watch, the person responsible for carrying out the orders of the 
engine room telegraph, and, in regard to the boilers, that he was, similarly 
for the period specified, the person responsible for regulating the feeds. 

23. Wlien the workshop service has been performed in a place where 
steam engines are not madcy and the class of work done is similar to that 



160 AHPENDICB8— MERCANTILE UABINE ENGIKBBBS. 

ru(|uired in engine making, the service may be accepted with an additional 
year in the engine room ; that is, thre« years' workshop service and two 
years in the engine room, of wliich one year must have been at sea. The 
approval of the Board of Trade must be obtained in every such ease before 
tlie authority to receive a certificate is issned by the examiner. 

2-t. When the workshop service has been performed in a place where 
engines are mide, and the department in which the applicant has been 
principally engaged is not "fitting " or " erecting" if the nature of the 
service be such as is useful training for an engineer, the Board of Trade 
may, on proper representation of the circumstances see fit to accept the 
service as qualifying along with subsequent experience, but in every such 
case the apphcant must prove additional engine room service as required 
above. The approval of the Board of Ti-ade must likewise be obtained. 

25. If a candidate has served in the engine room with a second class 
certificate in the capacity of a second engineer in foreign-going steam 
ships under 100 horae-power or iu home trade passenger steam ships, 
which are not required by law to carry a certificated second engineer, his 
service may be accepted without reference to the vessel's horse-power, 
provided he has been on the ship's articles as second engineer, and 
produces certificates of dischai^ as second engineer, for the required 
period. 

30. It is provided by the Merchant Shipping Act, 1854 (sec. liO), 
that every person who makes, or procures to be made, or assists iu making, 
any false representation for the purpose of obtaining for himself or for 
any other person a certificate of competency, shall for each offonce be 
dttmed guilty of a misdemeanour, — the punishment for which is imprison- 
ment, for any period not exceeding six months, with or without hard 
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(a,) He must have served an apprenticeship to an engineer for three 
years at least, and prove that during the period of his appren- 
ticeship he has been employed on the making and repairing of 
engines : Or if he has not served an apprenticeship, he must 
prove that for not less than three years he has been employed 
as a journeyman mechanic in some factory or workshop on the 
making or repairing of engines. In either case he must also 
have served one year at sea in the engine room as an engineer 
on regular watch in the foriegn, home, or coasting trade ; or 

(b.) He must have served at least four years at sea in the engine 
room as an engineer on regular watch in the foreign, home, or 
coasting trade. 

36. First Class Engineer. — A candidate for a first class engineer's 
certificate must be 22 years of age. 

37. In addition to the qualification required for a second class engineer, 
(a.) He must either possess, or be entitled to, a first class engineer's 

certificate of service ; or, in the event of his not being so 
possessed or entitled, he must have served for one year at sea 
as second engineer in a foreign-going steam ship or a home 
trade passenger steam ship with a second class engineer's cer- 
tificate of competency valid in the United Kingdom, or for two 
years at sea as second engineer with a second-class engineer's 
certificate of service ; or having served one year at sea as 
second engineer with a second class engineer's certificate of 
service, he must show, in addition, at least six months' service 
as chief engineer in a vessel required by law to carry at leiist 
one engineer holding a certificate. {See also pm\ l^ as regards 
service as third and fourth engineer.) 
The examiner should therefore be satisfied that an applicant for a 
first class engineer's certificate has not only been in possession 
of a second class certificate for the periods above stated, but 
that he has actually served for such periods in the engine room 
at sea, with a second class certificate, in the capacities referi-ed 
to, and that his name has been entered in the articles of agree- 
ment accordingly. {See also par. 25.) 

Examination for an Extra or Honorary Certificate. 

38. An Extra First Glass Engineer's Examination is voluntary, and is 
intended for such persons as wish to prove their superior qualitications, 
and are desirous of having certificates for the highest grade granted by 
the Board of Trade. 
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DISCUSSION. 

The PitEaiDEHT, in inviting discosaiou, read the Board of Trade 
commnnication glrea in Appcndii A, page 156, and aaked members to 
limit the length of their epeeches aa mnch as posaible. 

Mr. D. Akdbbw said he had pemsed with pleasnre Mr. Fothergill^s 
very interesting paper, and he agreed with liirn in many of the BtAtements 
and opinions he had brought forward in faFonr of more competent engineers 
for their mercantile marine to cope with the great advance that had been 
made in the marine engine since the time when the Board of Trade 
regnlations were framnl for granting certificates to engineers ; and that 
competency they were all aware must be looked for in their junior 
engineers and apprentices of the present time. When the Board of 
Trade regulations that engineers were to posaess certificates were enforced, 
which was about the time that he (Mr. Andrew) commenced his sea-going 
experience, certificates of service were granted in a very liberal manner 
to meet the requirements of that time, and the examination for granting 
certificates was very much easier compared with the examinations of the 
present day ; but he had every confidence in asserting that at that time 
it was the exception for a young' engineer to present himself for examina- 
tion who had not served a r^ular apprenticeship of at least five years, if 
not six or seven. This he had no doubt was in a great measure due 
to the practice then in force of binding apprentices for the above number 
of years ; uow that the indenturing of apprentices had been to a great 
ext*;nt abandoned a large number of their young men had taken advan- 
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science classes, which are held during the evenings in most towns, and it is 
a pleasing feature to find the majority of employers appreciate the good 
these classes are doing and facilitate the attendance of their apprentices." 
Now, he quite agreed with Mr. Fothergill, but there was a drawback 
to " most towns." It was not every town or city that had a College of 
Science, such as they possessed; therefore lads brought up in towns 
not possessing this useful adjunct to their education were handicapped. 
Again, a number of intelligent apprentices might not have the means, 
however small, requisite to take advantage of the facilities offered. Mr. 
Fothergill, after referring to the expense and delay experienced by 
having incompetent men to deal with, asks, " How is this difficulty to 
be overcome ? Prolonged apprenticeship scarcely meets the case, unless 
a special system of training is devised by which the more capable and 
intelligent lads may be specially chosen for sea service and allowed a 
limited time in the various shop departments, and in particular it 
would appear advisable such lads should serve at least their last twelve 
months engaged in putting the machinery into new steamers, or at 
repairs on board old steamers, preferably a portion of their time at 
both." This sounded very much like limiting the supply, if lads were 
to be specially chosen and given a special training in the various depart- 
ments. Why not extend this to all apprentices, giving each the turning 
and fitting, or pattern-making and fitting, or all three different branches. 
But the proposal that such lads should serve twelve months in putting 
machinery into new steamers or repairs on old steamers would certainly 
have a tendency to restrict the output ; and the effect would be the same 
if preference was given to apprentices reared in the graving docks, as 
it was well known the numbers there were small, although he quite 
agreed with Mr. Fothergill that was a good school for teaching engine 
room requirements, but not for technical education. With regard to 
the proposed resolutions. No. 1 was open to objection. The part in 
italics should, in his opinion, be altered to read : " or not less than three 
years' apprenticeship and two years as an improver." An apprentice 
who commenced his apprenticeship when he was above the age of sixteen 
years was, as he understood, no longer an apprentice when he reached 
the age of twenty-one, and was then rated as an improver, being a grade 
between an apprentice and a journeyman. Again, why should an 
apprentice who had served, say, one year in the drawing office and then 
entered the pattern shop, be compelled to leave this branch, which was 
the hub of his technical education, after two years, to serve two years in 
the fitting shop, merely to learn the use of tools. With reference to the 
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third resolution, the nature of the prelimiimry examinatiou would be 
delinod and mastered b; cramming, which, he was afraid, would leave no 
distinctb«oefitbehind in the majority of caaes. He was in favour of a third 
class certificate, as mentioned in resolutions 4, 5, 6, and 7 ; but in resolu- 
tion 7, the i^ of the candidate should be fixed and proof of the same pro- 
duced. He thought care should be taken in enforcing this very high 
standard of college and technical school training necessary for engineers, 
or they might be landed in the same position as the Government, and have 
to put on board what was known in the Navy as " engine room artificers " 
to do the practical work, 

Mr. Tom Westgarth thought the question should be considered very 
carefully and deliberately, for it was a most important matter. It bad 
been referred to them by the Board of Trade for consideration, and he 
thought it was fair to suppose that great weight would be attached to 
any reply they might send. Further, it affected & large trade, viz., that 
of sea-goii^ engineers, and also a much more important body, the great 
trade of ship-owning and ship-sailing. With regard to the opinion of 
marine engineers upon this question, he took it tliat they need not dis- 
cuss that, because the subject was brought forward by themselves, being 
raised by the Institute of Marine Engineers. It was more a question 
for shipowners, lest it should bring about a shortness of supply of 
engineers and lead to a raising of their value and an increase of w^es. 
Shipowners would not contemplate that with satisfaction. Still, they 
had to consider the question with regard to the ultimate effect it would 
have upon the shipowners, and he thought Mr. Fotbcrgill's remark that 
" the crux of the whole question was one of experience " was the answer 
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would be more useful than that of an apprentice. Another reason for 
adopting the resolution being that otherwise a serious injustice might be 
done to those now serving or out of their apprenticeship who did not 
happen to serve for five years. The last speaker's suggestion that 
apprentices should be passed through various departments of the works 
was no doubt a good one, but had the serious objection that it would not 
be profitable to employers; under ordinary circumstances if a youth was 
entered as a pattern maker, turner, fitter, or to any other trade, he must 
be kept at that trade, unless he could afford to take a less wage, or pay a 
small premium. As to the objection that there are not science colleges 
in other towns like that in Newcastle, this was not serious, because in 
ev^ery town where there were engine works there are also evening science 
classes. With regard to the third proposed resolution, he suggested that 
the word " evening " be omitted, and that the following words be added 
to the end of the resolution, viz. : — " and hold a certificate of proficiency 
from such class or college." It would not be sufiicient for a candidate for 
an engineer's certificate to show that he had attended a course of study ; 
he must also prove that he had attained a certain standard of proficiency. 

Mr. M. Sandison said Mr. Fothergill had put the various aspects of 
the question very fully before them and had summarised his views in a 
series of resolutions at the end of his paper upon which it was intended 
that members should vote in order that those approved might be forwarded 
to the Board of Trade. He would therefore express his opinion regarding 
these resolutions. He quite agreed with resolution 1 as it stood, and 
consequently resolution 2 fell to the ground. He did not approve of 
resolution 3. He thought it carried the technical part of a sea-going 
engineer's training altogether too far. He agreed with resolutions 4, 5, 
and 6. He also agreed with resolution 7 ; but it seemed to him that 
the latter part of the resolution was unnecessary, because before a Ciin- 
didate could present himself for a third class certificate, he must of 
necessity have fulfilled the conditions required by resolution 1. He 
agreed with resolutions 8 and 9. But he did not think it was necessary or 
desirable to send any resolutions to the Board of Trade at all. The 
Board of Trade, in the first place, did not ask them to present or send 
any resolution, but simply to express their opinion upon a resolution 
passed by another institution, and he hoped they would only give the 
Board of Trade, if they gave them anything, their opinion. He therefore 
thought that, instead of sending forward a series of resolutions to the 
Board, the gist of their communication might read as follows : — 
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Gtfa. — ^That clause (b), par. 85, in the Board of Trade regnlationa, 
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a great number of young men who went through their large shops were 
kept at one branch of the business only, and were anything but fit to 
go to sea. They would admit that circumstances were such that it 
was very easy for those young men to get to sea, but when they got there 
it was found that hardships had to be put on other shoulders to make up 
for their deficiencies. How were they to mend this? It had been 
suggested that they should serve the last year of their apprenticeship in 
putting engines on board ship. Some might suggest that they should be 
fitters in large shops, and the last two years be spent in the repairing 
shops ; but the manager or masters of those shops would say that would 
not pay, because the very best time of the apprentices for them was 
just coming on, and they would lose their services when most valuable. 
He did not think it would be fair to the apprentices to take them in 
that way, and he did not think it would pay them as masters of 
repairing shops to take them ; there were therefore difficulties in the 
way. He would like to see the foremen in large shops take a deeper 
interest in the lads who were placed under them. When he went into an 
engineer's shop, he invariably observed the apprentices; and it was 
lamentable to see the deliberate and unworkmanlike way in which some 
used the file, hammer, and chisel. It was only for want of being shown 
once how to use them, and then all would be right. Objection was taken 
by some to the introduction of third class certificates under the impression 
that if they came into force they would prove a hardship to those 
engineers who had only gone through a short apprenticeship. Mr. 
Andrew had told them of the provision made when the Board of Trade 
regulations were first introduced, and probably provision would be made 
in this case as well, so he did not think hardship would come in that 
way upon any of the men. He thought they ought to take time to 
consider this paper before coming to a decision on the matter. 

Mr. D. B. MoRisoN said that from the nature of the discussion it was 
evident that the subject of marine engineering at sea required ventilation, 
and the members of the Institution were indebted to Mr. Fothergill for 
his able and concise paper. He was of opinion that the Board of Trade 
regulations for sea-going engineers were dangerously behind the require- 
ments of the times, and there was no doubt that many minor accidents 
and breakdowns were entirely attributable to that cause. Shipowners, as 
a rule, were content to rely upon the Board of Trade certificate as a 
guarantee of efficiency, but if they understood the true nature of the case 
they would realise that an engineer, although holding a Board of Trade 
certificate, might not necessarily be capable of performing the most 
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eleiiientiiry duties. Take for example an apprentice in a large marine 
factory, who decided on becoming a turner or machineman, and who 
worked at small stud machines, screwing machines, or small lathes; at the 
end of three years he might decide to leave the factory and go to sea, and 
having some friend in authority, he might start as tljird engineer on a cargo 
steamer. After being a year at sea he could attend a school, and by a 
system of cramming be made capable of passing the Board of Trade exam- 
ination. Here they had the case of a man who in the first place was 
allowed to take charge of machinery, but yet had no practical experience 
of the hammer, chisel, or file, and not necessarily even a most elementary 
knowledge of engines or boilers, and then by a system of cramming was 
enabled to pass the Board of Trade examination, and certified as capable 
of taking charge of machinery of the highest class. That such a case as 
this was possible was sufficient to show the necessity of the thirty-two- 
year-old regulations being brought up to date. The length of apprentice- 
ship ought, in his opinion, to be not less than five years — three years of 
which could be served in a factory, and two years at a technical collie. 
But then they got amongst a class of apprentices who were naturally 
industrious, and had opportunities for undergoing such a course. These 
men need not be considered as they were perfectly able to take care of 
themselves ; it was rather the idle apprentice, or those whom Mr. 
Fothergill tenned "duffers," who should be watched so as to prevent a man, 
who might be entirely ignorant of engines and boilers, being allowed to 
take charge of a watch. Fortunately, such cases as he had alluded to 
were not common, but they were possible, and had come under his notice. 
With regard to apprentices ser\4ng five years, it was very questionable 
whether, with the subdivision of labour which existed in large works, a 
lad had opportunities of becoming efficient practically in any less time, 
and he thought it a very good suggestion that those who were not in a 
position to obtain a course of training at a technical college, should be 
obliged to obtain certain certificates which were granted by the Science 
and Art Department, and at the end of the apprenticeship these certifi- 
cates could l>c endorsed by the Board of Trade, and after the examiner 
had satisfied himself as to the nature of the practical work done at the 
factory at which the apprentice had served, a certificate of competency 
could be granted, and after serving one year at sea he would be eligible 
for a third class certificate. Mr. Fothergill also suggested that the term 
of probation of the second engineer should be increased, and with this 
he agreed; in fact, changes such as these would materially increase 
the efficiency of marine engineers at sea and prevent men assuming 
positions which they were dangerously unqualified to hold. 
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Mr. James Dykes said his idea was that a third engineer should 
serve eighteen months at sea before he passed for a second engineer ; the 
second engineer should serve two years at sea before obtaining a first class 
certificate. The third class certificate should be something more than a 
pass from even a Durham College of Science. Technical knowledge was 
useful to a certain extent but it was highly necessary that a sea-going 
enirineer should know how to use his tools and have some knowledire of 
the machinery he had to drive. He did not see what good it would do to 
give a certificate to a third engineer unless he had served an apprentice- 
ship at sea. Mr. Fothergill knew that these young engineers were sick 
for half the time on their first and second trips, and the donkeyman as a 
rule had to take their watch. These doukeymen, after serving in the 
engine room, often obtained a certificate, which he did not think was 
right and this ought to be stopped, because they had not served their 
time as engineers. They probably worked for 10s. or 15s. a week when 
the engineer was serving an apprenticeship at half-a-crown. The man 
should be a mechanic, and be able to use his tools. With regard to the 
question of serving an apprenticeship, he thought, with Mr. Proud, that 
the masters were at fault in the training of their apprentices. When he 
(Mr. Dykes) served his time he was put to fitting, turning, pattern- 
making, and millwright work. Now apprentices were invariably kept 
at the machines and lathes and had experience only in these and a slight 
smattering of fitting. He thought a man used to the turning lathe and 
machines only was not fit to serve as third engineer on board ship. In 
most of the engine works on the Tyne apprentices spent their time at 
fitting and turning, but he thought in the last year of their apprentice- 
ship they should be working on engines on board ship. 

Mr. John H. Buchanan said, in answer to the President's request, 
he begged to submit his views on Mr. J. R. Fothergill's paper on 
" Mercantile Marine Engineers," and he had to thank Mr. Fothergill for 
the admirable manner in which he had carried out the task set him by 
the Council, and for the way in which he had arranged the leading parts 
of his paper for discussion. He would therefore try to follow the matter 
in the same order. He agreed with him that the practice of carrying a 
boilermaker as fourth engineer was not gaining ground, and no doubt 
the reason he advanced for this was the right one. Mr. Fothergill's next 
statement was, he thought, a most important one, viz., that owners, 
while at one time shipping firemen as third engineers, abandoned this 
practice of their own accord, and replaced the fireman by a skilled 
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mechanic at, of course, much higher pay. In this, as in all other mattere 
connected with his trade, the British shipowner was of coarse the beat 
judge of how to manage his own businosB, and he saw no riiaaon to 
suppose that any section of owners underrated the importance of havlDg 
competent engineers ; for although, as Mr. Pothergill pointed out to 
them, the Board of Trade did not require skilled mechanics «s juniors in 
the engine room, they all of them knew that owners had for years 
shipped such men and not labourers. So that, if the Board of Trade 
should think fit to forbid shipping firemen as engineers, it would be of 
very little importance, the practice having died out (if it ever did exist to 
any lai^e extent in modem times). In the same way, if the Board of 
Trade determined to discontinue granting certificates to men who had 
not in some way learned a trade, it was quite unimportant. Few, or no 
such men, presented themselves as applicants for certificates, and, if they 
did, the examiners at the varions ports had ample power to deal with 
them, and might, he thought, be trusted to see that the law was enforced, 
and to suggest to their superiors any additional safeguards which might 
be required to ensure the meaning of the various regulations being 
carried out. There did not seem to him to have been any need to 
trouble the officials at Whitehall about the matter. He now turned to 
the most difficult, and, he thought, most serious question dealt with, viz., 
the number of certificated engineers carried, and the means by which this 
number was determined ; and he would here like to reverse the order in 
which Mr, Fothergill dealt with the various classes of steamers, also to 
refer to other sizes. He would take first the large passenger and cargo 
lines, and, like the author, he need only remark that with their large 
staff they were well able to make all the selection that could be wanted 
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obtaining excellent engineers and in rendering the services to which 
he alluded among the most sought after by applicants. In the steamers 
to which he referred, and in large numbers of others of the same power, 
viz., from 1,000 to 1,600 I.H.P., making voyages averaging six months, 
four engineers had been carried for the past twenty years or more. Of 
these the first and second had chief certificates, the third had always a 
second certificate — in many cases a chiefs — and the fourth was in aU 
cases a mechanic (in certain ships a boilermaker, but this, as they had 
seen, was becoming rare). It would be seen from the above that a 
complement far in excess of anything the law might require was not 
uncommon, and this was convincing proof that owners were fully alive to 
the importance of the engineer department, and that they found it to be 
their interest to regulate this department without reference strictly to the 
size of the vessel or power of engines, but more to the trade she might be 
in, and the length of the voyage. It was here that a great difficulty 
arose in attempting to fix by law the whole of the details of the engine 
room staff by the power of the engine for, as he saw from an agreement 
which was made between certain owners and engineers, to fix the pay of 
engineers by the size of the ship). Other attempts had been made to fix 
the complement required for trading within certain limits in addition to 
specifjring the power, but they knew that the nominal — however it might 
be determined — was not a measure of the work to be done on board, at 
least not within a wide limit, and he had stated above that many owners 
found it advisable in their particular trade to carry engine room com- 
plements much in excess of what they would be required by law to do, or 
would probably do in other trades. There were many other factors 
which had to be considered when attempting to lay down a hard and fast 
rale for such a matter, and the law, he thought, wisely refrained from 
interfering further than by insisting that two of the engineers should be 
officers holding authority for their positions. It seemed to him that the 
question of the number of certificated engineers to be carried was one 
they should not express any opinion upon, but should leave the case of 
particular sizes and employments of vessels to be considered by the owners 
of such and their advisers, than whom there was none more able than the 
author of the paper now under discussion. Having referred to the 
engine room complement and the various conditions which determined 
the same in the case of vessels making feirly regular voyages, and in 
which four engineers were carried, he should perhaps indicate by what 
steps these men were selected, as it was very exceptional for the number 
of applicants for any opening in such steamers not to exceed the vacancies 
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by Bomething liie 10 to 1, or mncli more if the berth was known to be 
open, no matter what the state of trade might be. Of conrae, on rare 
occasions, emergencies wonld arise, but that mast be so in anj bneiness, 
and in almost every case the appointments for next voyage were made as 
soon as the steamer arrived home. In the case of fonrth engineers their 
appointment, so far as he knew, was always subject to their giving 
satisfaction to the chief, and in trades sach as he indicated, there was 
opportunity for the chief to judge of Ms man before he was signed on, at 
least in nine cases out of ten. Thirds in this class of steamer were in 
most cases promoted fourths of the same service who had been from one 
to three years at sea and held second certificates, or men who bad served 
as third in boats of smaller size. The senior appointmants were hardly 
under consideration here. He hoped he had shown that, as far as affected 
steamers which did carry foar or more engineers, there was little need to 
interfere with the owners' arrangements, and in the smaller class of boats 
engf^fcd in short voyage trades, the opportunities for givinjj a man a 
trial on one run were so frequent that a selection could be made to please 
any reasonable chief engineer without either throwing any escessive work 
on him, or leading to any danger ; and he nnlerstood Mr. Fothergill to 
say he saw no need to interfere with the state of things which had long 
existed with satisfactory results in the smaller class of tramp boats, any 
more than he did with the large lines ; and he hoped they were convinced 
that, in employs where four engineers hid been carried, there existed a 
most satisfectory means of training, and opportunities to qualify for 
promotion, without any undue responsibility being of necessity given to 
young hands ; for although, as Mr. Pothergill stated, the third in such 
boats was not always an exparienced man, yet in the vast proportion of 
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would average well over five years before they went to sea, and by far the 
greater number could with ease show that they had been employed in 
fitters' work of some sort the whole of that time, at least the lads who were 
at him every day for berths to go to sea, were almost without exception 
fitters by their own and their late employers' account at least — they could 
produce any amount of documentary evidence as to this — and he thought 
it was useless to try to restricfc the entry of incompetent men by placing 
the matter in the hands of the shipping master. He of course agreed with 
the author that they must have all repairing works included, and men 
from these were now every week certificated, and he believed many of 
their best men were trained in these and at land works, where there was a 
heavy plant to keep in order — such as large coal pits, ironworks, or 
repairing shops of railways — afterwards of course working about marine 
engines, where for some reason they seemed soon to get the lead of men 
bred in marine work. He could only attribute this to the openings in 
marine work being more numerous and attracting the besb men from 
other branches ; and he referred to what he had noted, viz., that a large 
proportion of foreman and leading hands in marine shops also of the best 
men at sea were born and bred country men, to show how important it 
was that they should have free trade between one branch and another and 
keep open their steamers to the most pushing men of all branches as had 
been done in the past to the great advantage of marine engineering. As 
to the resolutions, he begged to state that he did not think either the 
proposed preliminary examination before going to sea or the recognition 
of mean attendance at evening classes and lectures would change the class 
of men who go to sea. They could now in almost every case pass any 
reasonable examination ; in fact the great majority of the men he employed 
could answer the questions for second engineer before they went to sea. 
As to the proposed third class certificates, he thought there were so many 
men holding second class that there was no need of troubling with another 
class, but he sympathised with those engineers in large steamers who were 
unable to get time in to pass, and he thought the Board of Trade might 
allow them to be examined for all the certificates, including the extra first 
class, and grant them an honorary certificate till they could qualify for 
the actual one by service in the grades through which they had to pass 
in their bug wait for promotion ; but in speaking of this it should be 
remembered that they took service where they did simply because of the 
prospect, and were free to go elsewhere if they liked. It was not a 
parallel case to entering some Government service and being unable to 
leave without a total sacrifice of all training. In fact, this is more a case 
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of BCDtiment than anything else, but it would be a harmlcsB thing to do 
to let them show they were ready for promotion when it came. He 
thought this question might be left to the chief esaminer, who would no 
doubt be able to advise the Board, As to resolution No. 8, he thought 
the only effect of this one would be simply to reduce the number of men 
passing for a short time, and to give some men now holding certificates 
an advantage for the moment over those who were very close on their 
heels ; but he had not seen any proof that the present law as to one year 
being required bad led to any bad result, and he failed to see why the 
Board of Trade should be ur^ to make an alteration in the time except 
the members of this Institution could say of their own knowledge that oue 
year was too short, and that two years was just long enough. Personally, 
he should prefer to let well alone. In practice the men were at sea on an 
average considerably over one year, and if the change was made they 
would be nearer three tfaau two. 

Mr. G. B. HllNTBE said he rose with considerable diffidence to speak 
on the subject. He did not pretend to speak with any authority ; 
but as he noticed all the previous speakers had been marine engineers, 
he thought it was r^ht someonu should speak from the point of view 
purely of a member of that Institution. One of the speakers thought it 
desirable not to overlook the interest of the apprentices as well as of the 
sea-going engineers. He quite agreed with that, and thought that they 
should not overlook the interests of the whole membership of that 
Institution, including particularly their Graduate members, many of 
whom were not serving five years in the workshops, and yet might 
rightly aspire to the position of marine engineers. While expressing 
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in the service of engines at sea and in taking charge of thoEe engines at 
sea. He was bound to say that all that had been said by previous 
speakers as to the inefficiency of the present apprenticeship system con- 
firmed that view; but when he asked why they could not attach any 
value to sea-going experience, the answer was that those going to sea 
received higher pay, and those who received low wages as apprentices 
were entitled to the prizes of the profession. That was no reason at 
all. It was a view entirely of the trades union order and not one that 
should be admitted by that Institution. He thought their object should 
be rather to improve the standard of education, and to give their 
members a fair chance of becoming intelligent and educated marine 
engineers. They wanted to leave the course open to any of their own 
sons, who were being trained as engineers, and who might not be able to 
spend full five years in a workshop, yet still be able to receive such a 
technical training as to fit them eminently for the duties of marine 
engineers. Apart from the consideration of their own sons, he thought 
they should consult the interest of their Graduate members. He did 
not know what the effect of the proposed resolution would be upon the 
prospects of those serving some of their time in the drawing office as part 
of their apprenticeship practice. It seemed that they would be excluded 
from going to sea, and if so they, as an Institution, could not give their 
adhesion to the resolutions. If it was so he hoped they would be so 
amended as to give a fair chance not only to those who worked with 
hammer and chisel, but those who worked as designers and draughtsmen, 
and who acquired theoretically and practically a thorough knowledge of 
marine engineering. One or two of the arguments had made an impres- 
sion upon him, but not he thought in the direction intended. What Mr. 
Andrew professed to aim at was "a high standard of school and college 
training ; " but how could that be attained simply by service in the work- 
shop and at a machine ? Then Mr. Morison advocated the extension of 
the apprenticeship from three to five years, while he said that "the 
apprentice's knowledge of tools consisted in working small machines only." 

Mr. Morison — ^That was a special case. I meant that that was a 
possible condition. 

Mr. Hunter — He would take it as a possibility then, but five years of 
such practice would not make an engineer any more than three years. 
Mr. Morison said not only might their knowledge consist in working small 
machines, but they might have "no knowledge of engines or boilers." That 
apprenticeship then did not further the object of Mr. Andrew, which was 
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" a higher standard of school and coU^ traioing." Now, if the writer 
of the paper would pardon bim, be was aoxious to bring tbe testimoDf of 
Mr. Fothcrgill in support of bis contention that at least the; should 
pause and consider the matter further before thej adopted the resolutions. 
For instance, he (Mr, Fothei^ill) pointed out the need of a higher 
training than engineers had received in the past, and that its necessity 
had enormously increased by the introduction of triple expansion engines, 
and tbe addition of a large number of auxiliary engines for pumping, 
ventilation, forced drat^ht, electric lighting, refrigerating, etc. He (Mr. 
Hunter) asked them if an apprentice could gaiu a knowledge such as 
Mr. Fothcrgill considered necessary solely at the bench in the workshops? 
Where (under the present apprenticeship system) could he gain it but as 
a student or at sea ? These statements by Mr. Fothergill, Mr. Morison, 
and others, had led him to the conclusion that over and above workshop 
training there was also a need for something higher in the way of 
theoretical training, which au apprentice under present conditions could 
not obtain, and all apprentices should be allowed the chance of obtaining 
the knowledge and training they needed. They must give them the chance 
by not compulsorily lengthening the time required for tbem to serve in 
the shops. The effect of these resolutions would be to exclude eveiy man 
who had not served a long apprenticeship at tbe bench, yet it would be 
acknowledged that some of tbe beet men in charge of marine engines bad 
not served a regular apprenticeship. At any rate, it was not for this 
Institution tx) interpose any artificial bar to men obtaining a position in 
the engine room to which their ability and training entitled them unless 
they were absolutely bound by necessity to interpose such a harrier. 
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one of the best engineers he knew had only three years' shop apprentice- 
ship, and that man could handle his tools as well as most who had 
handled them for five years. He thought it would be a mistake if this 
Institution recommended a five yeara' minimum apprenticeship. It was 
not a question of time ; it depended upon the man. It was the wisdom 
a man had got rather than length of apprenticeship which was of import- 
ance, and unless they could discover a way of proving it better than the 
time test it would be better to leave it alone. He should therefore vote 
against all the resolutions. 

Mr. Thomas Mudd said he should like to add his voice to those of 
Mr. Hunter and Mr. Patterson on the side of taking a little more time to 
consider this matter before coming to a decision. He was the more led 
to recommend holding their hand a little with regard to this question, 
because he felt that it touched an enormous range of interests. He did 
not know if they had had a shipowner speaking that night, but certainly 
the question touched the interests of the shipowners, and there was the 
interest of marine engine builders, and the interest of the sea-going 
engineers as a body, and, particularly, the interest of the apprentices 
themselves ; but beyond all that there was the interest of the community 
at large, as the safe manipulation of the machinery of our vessels at sea 
was involved, and therefore the question was almost a national one. 
They had had brought before them that night cases of young men 
becoming thoroughly efficient in an exceedingly short space of time, and, 
on the other hand, of others who after many years were still entirely 
inefficient. These, however, were the extremes, and he agreed with Mr. 
Proud that the efficiency of an engineer depended a great deal upon what 
there was naturally in him, and that in training engineers it was desirable 
to judge early of the material they had got to deal with, because if the 
youth had not got the right stuff in him he could never be made an 
engineer of, no matter how long he might be kept in the shops. He 
came there, however, that night disposed to vote in favour of an extended 
period of work of some suitable kind being done ashore before an engin- 
eer took charge of engines at sea ; but, like Mr. Morison, he could not 
see why it should be laid down as a rule that the whole five years should 
be within the limits of an apprenticeship. In the works with which he 
was connected the rule already was that a five years' apprenticeship 
should be served, but he knew that in many places a less apprenticeship 
was allowed, and he could not see that the regulation of those establish- 
ments should be interfered with, nor that there would be any material 
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difference if one or two years of the five were spent in the capacity of 
improver or journeyman, so long as the right kind of experience was 
gained — that being the ultimate aim of the whole matter. On the other 
question, viz., that of a third certificate, he was strongly disposed to vote 
in fevonr of it. And there was another point in this connection to which 
none of the speakers, he believed, had yet referred, viz., as to whether 
the holding of a third certificate should be regarded as a necessity for 
those sitting for a second certificate. Since the length of service was 
proposed to be the same in either case he did not see very much in it, 
but personalty he was in favour of the third certificate being required 
before presentation for a second certificate. This extended service at sea 
before getting the higher certificates he thought a most desirable matter 
and a much needed improvement. Unch had been said by Mr. Buchanan 
of ahipownere dealing liberally in their engine rooms, and giving a staff 
of engineers beyond anytliing laid down in any Board of Trade regula- 
tions and in accordance with their own ideas of what was desirable for 
the size of machinery and the voyages on which the vesscla were engaged. 
There was, however, an obverse side to all this, and those who came 
much in contact with the matter would know perfectly well that they 
could look upon this picture and upon that. It happened to be his duty 
to appoint 70 or 80 engineers every year, and many present would agree 
with him that there was a great tendency at the present time on the part 
of many shipowners to appoint the least possible number of hands in the 
engine room. In making recommendations it was necessary to keep in 
mind that legislation was not for those who deal liberally and beyond all 
law and rule, but for those who do the opposite ; and the more there was 
a tendency to minimise the number of engineers in a ship, the more did 
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he was sure other chief engineers would bear him out) gone to bed 
knowing that he had left the engines in charge of " a duffer," and it 
was very fortunate that he had not been called to explain it before a 
Board of Trade enquiry, because he should have been told he had no 
right to go to bed. Whether there should be more time served in the 
shops or more time served in the engine room, he would not say ; but he 
could say this, there was certainly room for more experience. Speaking of 
the cargo steamer, his experience was rather ancient, but he must confess 
there were only three engineers, and very often only two. But speaking of 
mail steamers, there was an injustice at the present time with the Board 
of Trade examination. He knew of many good men who had not been 
able to get a ticket for seven or eight years, and who during that time 
had grown so rusty that they had great difficulty in passing. He 
thought a third certificate desirable. Treating of apprentices put them 
back upon the commercial aspect, and if not practicable commercially it 
was not possible anyway. Mr. Fothergill wished him to mention the 
complement for one engine room, that of the " City of Paris " mentioned 
in his paper. They had a chief engineer (himself), a senior second and 
2 junior second engineers, a senior third and 5 junior thirds, a senior 
fourth and 5 junior fourths, 3 fifth engineers, 3 electricians, 2 hydraulic 
engineers, 2 refrigerator men, 33 greasers, 3 store-keepers, 3 donkeymen, 
54 firemen, and 57 trinuners. 

A Member — How many " duffers ? " 

Mr. Gearing said he could tell them that at least sLx, for on going 
aboard one of the liners he had to tell six not to present themselves at 
table to sign articles. 

Mr. W. KiLViNGTON said that it appeared to him that it would be 
very difficult to get any opinion expressed on this question from the 
meeting as a body, as so many individuals seemed to have such different 
views. He agreed with Mr. Hunter, and seconded very earnestly his 
request, that very serious consideration should be given to the subject 
before any report should be sent to the Board of Trade as coming from 
this Institution. The most important practical point in the resolutions 
submitted by Mr. Fothergill seemed to him to be that requiring two 
years' service at sea before a second certificate could be obtained. Most 
engineers would never present themselves for the new " third " certificate, 
of course, at all, but would have to be two years at sea before they could 
get the second. That was the only resolution, he thought, that was any 
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MERCANTILE MARINE ENGINEERS. 

79, Mark Lane, London, 
Dear Mr. Duckitt, January 12 fh, 1894. 

Mr. Pothergiirs excellent paper on " Mercantile Marine Engineers " 
scarcely goes as far as I for one would like to see it go. I am of opinion 
that the whole of the regulations of the Board of Trade require to be 
thoroughly revised and be brought, so to speak, up to date. 

In the first place, I am strongly of opinion that five years' apprentice- 
ship is none too long before allowing: an engineer to sign articles, but I 
would qualify this by allowing not less than three of those years to have 
been served before the age of twenty-one is reached, the remaining two 
years could be either in the shops, drawing office, or technical school ; 
and further, that an apprenticeship in a ship and engine repiiring 
establishment should count as equal to time spent in an engine factory. 
For my part I have found the lads trained in the factories of our mail 
companies better men by far than those trained in large engineering 
establishments, on account, no doubt, of the facilities they enjoy of 
becoming thoroughly acquainted with the machinery on the ships as well 
as those repairs required in the shops. 

My next point is that on no consideration whatever should a donkey- 
man be allowed to be carried in the place of an engineer : this can easily 
be avoided if the shipping master see the last discharge, or if the applicant 
has not been to sea before, then the certificate from the employer where 
the apprenticeship was served. 

Following on this I would suggest that no engineer be examined for 
a third grade certificate (and which I think would be very desirable) 
until he had served at least two years at sea. I purposely make the 
additional year because I think it would raise the status of the engineer, 
and it would prevent a lot of almost boys from obtaining the certificiites 
of the higher grades. Thus the age of the third grade engineer would at 
least be twenty-three years as a minimum. To obtain the second grade 
certificate he must serve at least two years a?ain, thus briniring his age to 
twenty-five years, and after two years as a third engineer where more than 
three are carried, he would be allowed to pass for the first grade certificate. 



Than the roinimnin age of the chief engineer wonld he twenty-eeven 
Team. T knov many will object to these proposals, as it is difficult to 
deal with present cases. I woidd a&j with regard to this that the third 
grikde certificatefl shonld he tssned to all engineers below the rank of third 
engineer, and who have been to sea the requisite period, without reference 
to their apprenticeship, on a written and viva voca examination of aboat a 
fltandard eqnal to what was required of a second engineer in 1863, when 
the examinations were started ; that the second grade certificates be issued 
to those engineers who have qualified for them under the existing 
regulationB, until, say a period of twelve months from the date of the 
alterations of the regulations, and a similar course for those of chief 
enffincer. At the end of that period the new r^nlations would come iu 
ioTCK, and all time would he counted as I have stated above. 

One point which the author does not refer to, is that the Board of 
Trade might issue to all apprentices, whether engineers or otherwise, on 
the completion of their apprenticeship, a certificate which would show at 
a glance that the holder had served his time, where he had served it, and 
for how long. 

With reference to the resolutions, 1 agree, as I have already stated, 
to Nob. 1 anil 2. so far as that I would leave out the words in italics, 
lint t wonld add that three years must have been completed before 
twenty-one years of age. 

No. 3. — I do not agree with this, but leave it in the hands of the 
superintending engineer to decide. 

No. 4. — I agree with this. 

Tfo. Ti. — I do not agree with this, as the third grade certificate E^onld 
ahviiys be the stepping stone to that of the second grade. 
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representing a piston speed in feet per minute, and divide by 1,700, 
this would equal the I.H.P. 
Thus:— C X 550 



1,700 
and I.H.P. 



= I.H.P. 



= N.H.P. 



5 

I beg to add my quota of thanks to Mr. Fothcrgill for his very 
excellent paper, and for the vast amount of information he has aiforded 
the Institution, and I hope the discussion will lead to a satisfactory 
solution. 

Yours faithfully, 

Walter Phillips. 

80, Side, Newcastle-on-Tyne, 
Dear Mr. Duckitt, January ISih, 1894. 

I regret that a previous engagement will prevent me attending on 
Tuesday night, when the question of the third engineer's certificate will 
come up for discussion, but in compliance with your request, I beg to lay 
before you my views upon the proposal. I quite approve of it, and I 
concur with the stipulation that the candidate should ser\^e five years in 
the shops and perform one year's sea service before he is eligible for the 
third class certificate. The interests of the shipowners must not, however, 
be overlooked, and I would suggest that steamers over the power that carry 
three engineers, and steamers under the power that carry two engineers 
only, should continue to sail as they do at present with one uncertificated 
engineer, otherwise it does not appear where candidates for the third 
engineer certificates are to be trained, except an the case of steamers 
carrying four engineers. 

The one year of preliminary sea service might be dispensed with, but 
as the object of the Institute of Marine Engineers is to raise the standard 
of the sea-going engineers, I think it would be against this policy to do 
so, nor should it be granted unless he has attained the age of twenty-two 
years. I should further advise that every candidate for a second class 
certificate should have two years' sea service, with a third class certificate, 
and every candidate for a first class certificate should have at least two 
years' sea service with a second class certificate. 

The stipulation requiring a five years' apprenticeship might be relaxed 
in those cases where lads have attended a technical school. 

Yours faithfully, 

Wm. Menzies. 
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81, Graceohuroh Strbbt, Lohdok, 
Deak Mr. Ddckitt, January ISth, 1894. 

I have to thank you for a copy of Mr. FothergiU'B paper which is to 
t)c read before the Institution on the 16th inst. I macb regreb that 
business engiigements will prevent my being present on that oocaaioD. 

The subject of Mr. Fothergill's paper — the training of engineers for 
service in the mercantile marine— is of the very greatest importance, not 
only to marine engineers themselves, but to the commmiity at lai^e. 

The only way in which this country can expect to maintain her present 
mercantile position among the nations of the world ia by the eicellence of 
her ships and their machinery. 

With Mr. Fothergill's paper before ns it will be also well to remember, 
that whatever conrses of training the Board of Trade now~ decides upon 
as necessary before obtaining their various certificates of competency, will, 
in all probability, remain in force for a nomber of years. 

It is more than thirty years since the Board of Trade framed its 
present rules, and, from one's experience of Government departments, it 
is more than likely that the amended rules will be made to serve for an 
equally long period. 

I quite agree with Mr. Fothergill that a five years' course of training 
in an engine factory is necessary, and I also ^ree with him tliat two oat 
of these five years might be served as a journeyman. I would also add 
that one or two of these five years might, at option, be served in the 
drawing office. 

It is when the young engineer has finished his shop training and 
enters upon his sea service that the weakoess of the present system 
becomes apparent. The bulk of these young engineers commence their 




DISCUSSION— MERCANTILE MARINE ENGINEERS. 189 

and that after a few months' experience a green hand often becomes a 
very useful man. 

That may be so ; but so long as the Board of Trade rules allow an 
inexperienced man to undertake responsible duties, those rules are not 
fulfilling their object. 

What is really wanted is twelve months' sea service before taking a 
responsible position on board ship at all. He should also have to pjiss a 
proper examination as assistant engineer before taking charge of a watch 
in any ocean-going vessel at all. I cannot see that N.H.P. has anything 
to do with the question. The examination for a certificate as assistant 
engineer should be based upon such courses of study as are taught in our 
technical schools and colleges ; should comprise as its subjects pure and 
applied mechanics, physical science, machine construction and drawing, 
and workshop practice ; and the questions should be taken from a 
published list of text-books. It should be the examination of an 
engineer's life, only to be passed by long and careful study. 

Having obtained this certificate, the young engineer would be qualified 
to take charge of a watch, either as second or third engineer. Two years 
of such service should qualify him as a candidate for a first class certificate. 
I would abolish the present second class certificate as useless. It is not 
wanted. Two of the engineers in every vessel should have first class 
certificates. Under the present system, a third engineer with a second 
class certificate cannot obtain his first class unless four or more engineers 
are carried. 

The examination for a first class certificate I would have to comprise 
the practical and theoretical working of an engine, practical up-keep and 
repair of every detail of marine machinery and boilers, use of the indica- 
tor, the making of working drawings, book-keeping, and the expenditure 
of stores, etc. 

A simple recapitulation of previously-learned mathematics is of no 
use. The chief engineer's examination should comprise such subjects as 
enter into his daily work. 

The extra first class examination I would not alter, but the holder of 
it should have the option of entering the Royal Naval Reserve as engineer 
with a good retaining fee. 

To summarise the above, a marine engineer's training should, in my 
opinion, consist of : — 

Five years' apprenticeship in a marine engine factory (or at option 
three years' apprenticeship and two years as journeyman — in either case 
one or two years in the drawing office at option). 
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One year sea service ae junior engineer, followed by examination and 
certificate of competency as assistant engineer. 

Two years at sea as SBsistant engineer, followed by examination and 
certificate of competency as first class or chief engineer. 

I may add that most shipowners would gladly give place on their 
vessels to one or even two junior engineers instead of that present 
necessary evil, the donkeyman. 

Trusting that the importance of the subject may be my excuse for bo 
long a letter. 

Tonrs faithfully, 

Hgbbebt M. Rooebs. 

Liverpool, 
Dear Mr. Duckitt, January \bth, 1894. 

I am very much obliged for the opportunity you give me of expressing 
my views on the subject of Mr. J. R. Fothergill's paper, and I much 
regret that my engagements will not permit me to take part personally in 
the discussion I feel sure bis excellent paper will provoke. 

It is almost unnecessary to remark, that as an old sea-going engineer 
in days gone by, who has been on both sides of the hedge that divides the 
ocean tramp from the mail steamer, the subject Mr. Fothergill deals with 
so ably is fraught with the greatest interest to me, as it must be to 
hundreds of others who, like myself, have a lively recollection of break- 
downs at sea, with more or less (as it happened to turn out) competent 
assistants to assist in the repairs. 

After all has been said and done, it is under these circumstances that 
the true value of the sea-going engineer can be most correctly a 
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by the sea-going fraternity and derisively alluded to as a "gentleman 
engineer," but with the gradual introduction of more complicated 
apparatus and machinery (without which the steamer of to-day is 
considered more or less incomplete) the necessity for an amount of 
technical intelligence on the part of the men in charge of them has 
slowly but surely killed that prejudice, and the fear now is that we may 
rush to the other extreme, and so get technical knowledge at the exijense 
of practice and experience. 

There can, I think, be no two opinions that the engine room of a 
steamship is not the proper place for a man to serve his apprenticeship in, 
though there is equally no doubt that however capable a mechanic a man 
may be before he joins his vessel, he will still find he has a good deal to 
learn when he gets there, and with a view of minimising this lack of that 
information, which is of greatest value, as much as possible, I would make 
five years the minimum term of apprenticeship in an engine works, two- 
thirds of that period having been devoted to work other than that done 
by machines, and require twelve months' service in the engine room 
before admitting a candidate as eligible to pass an examination as third 
class engineer, or as an alternative, at his option, two years' service at sea 
to qualify him to pass an examination entitling him to a second class 
certificate. 

I find my letter has run to a greater length already than I had 
intended, and in closing it I would like to add that I am entirely in 
favour of resolutions 2, 4, 6, 6, 7, 8, and 9, and desire nothing more 
than to hear in the near future that Messrs. the Board of Trade have 
decided to make them indispensable conditions. 

Yours faithfully, 

Chris. Geddes. 

Newcastle-upon-Tyne, 
Dear Mr. Duokitt, January 16//*, 1894. 

In reply to your circular letter of the 10th iiist., I much regret that I 
shall be unable to attend the meeting on Tuesday, but may I say that 
although whatever my friend (Mr. Fothergill) writes must be well worth 
hearing, yet I trust the Council of our Institution will reflect seriously 
Ixjfore they send any resolution whatever to the Board of Trade. 

Ours is a scientific society, and if we express any opinion as to the 
extent to which the Government should control shii)owners we are 
entering upon the domain of politics and Uix>n ground which is highly 
debateable. 
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tmermKa — nodtsnuE vakisk esgdseks. 



firnh^, the 'fotskn wbether or not a man mar kam cnsiseering br 
A •]i^UiU: a(4>T%mic(:dup or otbenTHb, wb^tber r'lo pa: it io aootber iray) 
a iii^d gibrjnt'l li^ ileliLirrei] Train becoming an ei^ineer from the fact of 
hi* not hacir^ derot^d a certain time between ibe a^* of, bj, fifte^i 
an') ttrt-ntj-two to tbe KvAj of his cr^ft, raises a qiKstioa wliicfa is dear 
to tnwle noioaiSa, and is in mj bnmble opinicMi stQI futb^ ranoTcd 
frwn tbe s|dien: of our Institation. 

Yoa will remember that wbeo it was snggeated that ve might ntiliae 
t)ie conunodioaa rooms of the Bmploj^erH' Association the Council decided 
that the mere ap[iear^ice e^en of beiDg mixed np with trade qoestions 
NhiRild tfc avoided. 

Will yon kindly bring these considerations before oar FresideDt, and, 
if he a[iprovefl, 70a are welcome to read this letter to the meeting. 
Tonre faithfully, 

WlQHAlI RICHABDSO.V. 

Baltic Chajibkrs. Nkwcastlk-on-Tyke, 
DkaK Me. Duckitt, Janwiry 16CA, 180t. 

I am Horrj I cannot be present at yonr meeting this evcDing, but 
'jiiit*j endorse Mr. Fothergill's views, provided any alteration of tbe 
pn.ttcnt reflations docs not affect either chief, second, or third engineers 
who have been at sea previons to any such alterations comiug into force. 
I think this is fairly due to our present engineers. 

Yours faithfully, 

Wm. COOPBlt. 



Newcastle, 
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but he has never been at sea before. The vessel leaves Liverpool or some 
port in the Bristol Channel, gets into dirty weather at once, the third 
engineer, even allowing he is not sea-sick, has no practice in the routine 
of keeping a watch, and the whole of the work for the first two days at 
least falls on the first and second engineers, who either have to take six- 
hour watches, or four hours on and four hours off. I do not think this 
is good for the shipowner, or for anyone on board ; it certainly is not 
conducive to the safety of the vessel. 

My own opinion is that all engineers before being allowed to take 
charge of a watch at sea ought to serve at least six months as assistant 
engineer. 

This is the case at the present time in the Austro-Hungarian 
monarchy, and I find from my own experience that it works well for the 
shipowners, who practically get the services of a mechanic on board for 
very little more than his board and accommodation. In the company I 
belong to we pay them £2 per month — this is the highest paid, it being in 
fact a six months' apprenticeship. It is good for the mechanic, because 
it teaches him the routine of the watch, and makes him moi*e independent, 
and for the safety of the vessel and the comfort of the other two men on 
board it certainly is better. By carrying out this plan no third certificate 
would be required; the third certificate in the proposed resolution is 
optional, and is only of use where four engineers are carried, and in some 
cases at least would deter owners from carrying a fourth engineer. In 
the case of the assistant, many owners would carry one, where they now 
only carry three engineers, as they would get an extra mechanic on board 
for very little. 

In regard to the mail boats, or vessels carrying more than four 
engineers, I think that on the juniors showing, by documentary evidence, 
that they have served two years in the engine and boiler room on regular 
watches, that they ought to be allowed to pass for second, and also that 
the words in paragraph 21, Appendix B, printed in italics, should be 
annulled. 

There is another matter in regard to resolution 1 ; it practically del)ar8 
all mechanics who are not engaged in the making or repairing of engines. 

Now, I think there are none who would contend that the apprentice 
who served in the erecting shop of any of the large marine engineering 
establishments, and who got every part of the engine from the machines, 
practically so far finished that he liad only to line it in place, and mark 
the bolt holes, would be a better mechanic than the man who had served 
in a smdl machine or general engineering shop, where in many aises he 
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had to use the hammer and chisel, file, etc., in place of the machine. 
Whom do you think is more likely to have the all-round training of 
which Mr. Fothei^ill speaks ? What about our millwright apprentices 
who can use any tool that is required ? On the other hand, we certainly 
do not wish to see a stone-maker or a bicycle-maker in charge of the 
engines, but I consider that a resolution could be devised to stop that. 

Mr. Fotbet^ill also states that there are other questioDS which he does 
not feci at liberty to touch npon, which might be discussed with 
advantage to engineerB. I would say that now we are at it, let us have 
the matter thoroughly thrashed out, and not be always given to tinkering. 

There is tlie question of the home trade cargo boats, steam trawlers, 
tiigB, etc., these raay be of any size, and however large, are not obliged by 
law to carry an engineer of any sort ; this should certainly be alluded to. 
My opinion is, that in all vessels under the British flag in the home trade, 
or going out and in to ports of the United Kingdom, not being under the 
denomination of a passenger ship, as mentioned by the Board of Trade, 
with engines of 40 N.H.P. or above, carrying one or more engineers, the 
first or only enginetT, as may be, should be obliged before signing articles 
to produce Hoard of Trade discharges to show that he has served two 
years at sea in the engine room : this to include the six months as 
assistant, this to interfere in no way with the persons presently in cbar^ 
of those vessels, who can show by discharges or other documents that 
they have served in the engine room on watch for a period of two years. 
Some might say, what of those under 40 N.H.P.? well, tliey will at least 
get an engineer who has been six months at sea, if the above is carried. 

There are also other matters, such as how and under which cir- 
cumstances, trade, and size of engines and boilers, three, four, or five 
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Resolution 2. — Every person presenting himself to sign articles as an 
engineer to take responsible charge of a watch in the engine room or 
boiler room of any vessel must prove by Board of Trade discharges that 
he has served as assistant engineer at sea, on watch in the engine room 
for six months, besides complying with the conditions contained in 
Resolution 1. 

Resolution 3. — Same as No. 2, with the addition of Mr. Fothergill's 
No. 3 resolution. 

Resolution 4. — Same as No. 8 in Mr. Fothergill's paper, but to 
include the six months at sea as assistant. 

Resolution 5. — Same as Mr. Fothergill's No. 9. 

Resolution 6. — Annul paragraphs 23 and 24, Appendix B, as too 
indistinct. Resolution No. 1 in this list covers both. 

Yours faithfully, 

A. ROLLAND. 

Dear Mr. Duckitt Jamuiry I7th, 1894. 

I think Mr. Fothergill's paper embraces nearly all the alterations to 
the Board of Trade rules necessary to ensure the safe working of the 
machinery of our ocean steamers. 

I am of opinion that a radical change is required, and that Mr. 
Fothergill deserves the Institution's hearty thanks for the able manner in 
which he has brought the matter forward. I will now offer you my ideas 
for what they are worth, as in my opinion these Board of Trade rules 
ought to be altered, and I think something approaching the following 
conditions should be observed to ensure a good reliable test for sea-going 
engineers before getting their Board of Trade certificates. 

A young man before being allowed to sign on any ship's articles 
should have worked at the trade of engine building and repairing for at 
least five complete years, say three years in the turning, fitting, or erecting 
of marine engines, and on board of ship ; and to make it more open I 
would say two more years as either journeymen or apprentice in the pattern 
shop, smith's shop, drawing office, or boiler yard of any engineering works, 
and that it shall not be compulsory to be continuous service. A certifi- 
cate of this service to be produced before a youth is allowed to sign on for 
the first time. 

After a year's service at sea as junior engineer in any position he 
should be qualified to pass for a third's certificate, which would entitle 
him to go third of any vessel afloat, or second of any vessel under 250 
N.H.P. A second year's service at sea would qualify a man to pass for a 



196 DISCUSSrOK — MBItCANTlLB HA.BINE ENGINEEHS. 

second class certificate, wliicli would entitle liim to go second of any 
vessel afloat, or chief of any veascl under 250 N.H.P, ; and a third year's 
service at sea would qualify him to pass for a chief engineer's certificate, 
which would entitle liim to go chief engineer of any vessel afloat. If the 
Board of Trade mlea were^altered to something near this I am sore it 
would work moat satisfactorily to both owners and to sea-going engineers, 
and it wonld ensure the owners getting a better class of men to start at 
sea as junior engineers, and make it fair to juniors in Xntge mail vessels, 
and altogether would ensure a more reliable engine room staff being 
placed in our ocean-going steamers than nnder the pi-esent aj8t«m. 
Yours faithfnlly, 

T. CAETBa. 



Mr. W. Dalbtuple continoed the discussion, and s^d he was of 
opinion thiit no person should be allowed to take charge of a watch in an 
engi ne room who bad not passed an examination for a third class certificate, 
this certificate to be granted when the examiner had satisfactory proofs 
that the candidate had served not less than three years before he was 
tweuty-one in a shop where engines were made, and two years as journey- 
man fitter or erector (not turner nor machinist), and where, in the opinion 
of the examiner, he could have sufficient practical experience in the mak- 
ing or repairing of engines to enable him to take hia share of work in case 
of breakdown and in the ordinary repairs of a marine engine. Twelve 
months' service with a third class certificate to be required before being 
examined for second class, and two years' service before being granted a 
chief engineer's certificate. From some experience in appointing engineers 
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Mr. W. Stafford said they must not forget that this was a 
question more particularly between shipowners and their engineers, 
than between this Institution and the Board of Trade. While they were 
asked to give an expression of opinion on the points raised they 
ought to be particularly careful that they did not commit themselves 
to any series of resolutions which might hamper the shipowner by 
making it more difficult for him to man his engine room, and at the 
same time prove of very questionable advantage to those junior engin- 
eers who were seeking to enter the ranks by making that entrance 
more difficult. This would undoubtedly be the case if they decided, and 
their decision was adopted, that it was necessary for a junior engineer to 
pass a preliminary examination before being allowed to sign on for the 
first time. He was afraid that in the discussion thus far too much stress 
had been laid on the teaching obtained in technical and science classes as 
a means of preparation for a youth to take his place in the engine room, 
not that he would in the least depreciate the immense value of this class 
of education when gained in addition to a proper and thorough appren- 
ticeship ; but that it should be taken in lieu of an apprenticeship or of 
any part of an apprenticeship, or that it should be made compulsory on a 
youth before he was allowed to enter the engine room as a junior engineer, 
were propositions which he thought this Institution ought not for one 
moment to entertain. On the contrary, he quite agreed with the writer 
of the paper, where he said : " this is really the crux of the whole question, 
and may be summed up as follows : — The majority of steamers carry 
three engineers only, in such steamers the engine room requires in a 
junior engineer one who not only knows how work should be done, but 
one who can do it." This knowledge and this abiUty they all knew 
could not be obtained in the science class or in the college, but must of 
necessity be got by years of apprenticeship in the shops. It was perfectly 
true, as was stated in the last night^s discussion on the paper, that tbe 
question of fitness of their junior engineers to go to sea was a question 
very much in the hands of their foremen and managers of works, more in 
their hands, in fact, than in anyone else's, except, of course, the lads 
themselves ; and if their foremen and managers could only bring them- 
selves to give a little more attention and consideration to the needs of 
those lads who intended going to sea by moving them about in the shops 
and outside, and putting them on such jobs along with men who would 
further their education in that direction, they would themselses be 
benefited in the long run by having in a little while a number of young 
fellows able to turn their hands to anything, and almost, if not quite, as 
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good as men of thorough practical experience ; iu addition to whicli 
would be the satisfaction of turning them out us journeyman a credit 
to themselves and to the works in which they were brought up. It 
could not be denied that there was something very unsatisfactorj" 
iu the regulations governing the admission of junior engineers on board, 
and it was also unquestionable that it was upon the chief engineers 
of the boats already mentioned — those carrying three engineers — that 
this pressed most heavily. For instance, a lad who had had a good 
education and was fit to pass any examination almost, was sent into 
the shops for a year or two to leam the trade, he might be attentive 
or be might not, but before he had fairly looked round, his time 
was up and he knew little or nothing of shop work. His friends, by 
influence, got him pitchforked as third on board a steamer carrying 
three engineers, and she sailed on a thirty days' voyage, they were hardly 
well outside before the chief found ont what a prize he had on 
board, the lad absolutely knew nothing and was totally unfit to be left on 
watcli, and the result was that the chief and second had to arrange to go 
on G hour watches for the voyage, before the end of which, it was needless 
to say, they were pretty well tired of it ; and, of course, if bad weather was 
en countered the evil was accentuated. Such a state of things ought, of course, 
to be rendered impossible ; and this brought him to the only point on which 
he thought they, as an Institution, ought to give an expression of opinion, 
and to his mind that opinion was well and fully expressed in the first of 
the proposed resolutions appended to the paper. He would suggest that 
his i^solution in its entirety be sent as the opinion of the Institution, anil 
if imything further were necessary they should recommend that no person 
be permitted to sail as third engineer on board a steamer carrying three 
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examination, to ship as an assistant engineer and take his watch at 
sea under the guidance of the chief engineer. He served in this capacity 
for a period extending from one to tjwo years. He was then advanced to 
the position of a marine engineer, and took a watch. When he had 
arrived at this stage, he (Mr. Gravell) would consider him fit to pass an 
examination for second class engineer, and to begin his sea-going career. 
In his experience he had found many sea-going engineers who had learnt 
more in two years at sea in the way of using hammer, chisel, and file, 
than during the whole of their apprenticeship. The reason for this, he 
thought, was that they had been more closely watched by their superior 
officers, and therefore took more pride in their work. Besides, a feeling 
of responsibility was put upon them, and this always had a tendency to 
sharpen anyone. He was therefore of opinion that an apprentice who 
had the qualifications as stated, and had served two years as an assistant 
engineer — he meant by this that he should not be allowed to take a 
watch before he had served two years' apprenticeship at sea — and had a 
good character given him by those under whom he had served, if found 
capable of advancement, would be qualified to go and pass his examina- 
tion, either as third engineer or for a second class certificate, as was 
enforced at present ; but until he had fulfilled these offices he should not 
consider him fit to be entrusted with the charge of a watch. 

Mr. D. Myles thought the question was for superintending engineers 
more than anybody else. 

The Past-President (Mr. F. C. Marshall) said they were so small 
a number that it would be unfair and unreasonable if they should 
pass any vote as expressing the sentiments of that Institution. It 
seemed to him that the only course they could pursue was to adopt 
the motion that was brought forward at their last meeting, that the 
matter be referred back to the Council to take what action they 
thought best. They were much indebted to Mr. Fothergill for the 
admirable paper he had written on the subject, however much they 
might agree or disagree with his views. As regarded the whole subject 
there should be no question that they needed to take every means to 
secure the efficiency of their engine, room staffs. Hitherto they had 
practically left it in the hands of the Board of Trade, and the regulations 
they issued in 1862 had been the rule since for the appointment of 
engineers, and he was not quite sure that the regulations of that date had 
not worked out as well almost as they could wish. The examinations of 
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the Doard of Trade had produced on the whole a race of engineers that 
had carried their mercantUe marine up to the high position to vhich it 
had now attained. And whether the increase of certification was necesaary 
or worth considering, he thoaght the lines upon which they had gone 
formerly should be pretty well adhered to. He quite i^^eed with Mr. 
Gravell that it was desirable that a lad should pass an esamination before 
he was allowed to take charge at sea, and that he shonld not go straight 
out of the ahopa and take a watch. Something should be done to give 
him the required experience which he could not get in the workshop, even 
with five years' apprenticeship. They had generally little knowledge of 
the pulling to pieces and putting leather again of machinery. That 
could only be obtained by erecting engines on board, in the first instance, 
then repairing engines, and going to sea. The general tenor of the 
diacuseioQ seemed to be that there should be some extended experience 
before a young man went to sea. He wonld, however, point out that all 
his experience was not obtained in the erecting and repairing of engines 
in the shops : it was gained at sea. The question bad been thoronghty 
thrashed oat, and it was nnnecessary for him to add to the discussion. 
He suggested that someone should move that the question be remitted to 
the Conncil, 

Mr. A, Phodd — "Would you give na yonr views with r^^ard to the 
time a second engineer should serve before receiving his first class certifi- 
cate ? 

Mr. J. R. FOTHBRQILL — The circular letter does ntrt refer to the 
question of chief engineers at a 
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a vote was not to be taken he wished to say one or two words. He 
regretted there was not a large meeting, as he thought it would have been 
very much better to have taken a vote on each resolution, or amendment, 
as might have been proposed. However, under the circumstances he felt 
with the Past-President, that due to the few members present it would be 
unreasonable to take a vote, as such vote could not carry weight as 
representing the opinion of the Institution, and therefore he agreed it 
would be better to refer the question back to the Council. Some objection 
had been taken to this Institution taking up the matter at all. He failed 
to take that view, for it appeared to him, if an Institution, composed as 
they were, and embodying the principal marine engineers on the North- 
East Coast and many in other parts of the kingdom, thoroughly conversant 
with the subject, would not express their opinion in reply to the Board of 
Trade invitation, he failed to see whom the Board of Trade should refer. 
Then it had been said the whole question was one of unionism. That 
he considered was due to a misconception of the subject and a prejudiced 
conclusion without careful consideration of the paper. He thought the 
remarks of several of the speakers wandered wide of the paper as repre- 
senting the subject of the Board of Trade letter. For instance, much had 
been said on the subject of apprenticeship, but from his point of view, 
although the training of a sea-going engineer must necessarily run in 
parallel lines with the apprenticeship question, yet it was not entirely one 
of apprenticeship. He took it the service of apprenticeship (and those 
managers of works who had spoken considered five years desirable) was 
necessary to train and educate a lad so that when he became a journeyman 
at twenty-one years of age he was competent and qualified to do journey- 
man's work and worth journeyman's pay, but so far as a junior engineer 
was concerned they cared not whether he was twenty-four or thirty ; what 
they wanted was evidence of five years' service, not necessarily as an 
apprentice, and that part of tliat service had been at marine work, and 
thus he was in favour of the first resolution as it stood. It was all very 
well for some managers of works to say they had no difficulty with the 
junior engineers they appointed, but they had the pick of their apprentices 
and the leavings were left to superintending engineers to utilise as they 
could. The first resolution was not intended, as some thought, to debar 
an apprentice serving his time in works other than the making of marine 
engines, but what it did insist upon was, that for at least two years prior 
to joining a steamer a junior engineer should have been engaged at 
" erecting " or " fitting " or " working on board steamers at the propelling 
machinery." He again emphatically repeated what was wanted in a 
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janior engineer joining a ateamcr and more especially so when only three 
engineers were carried, was : One who not only knows how work should 
lie dyne, but one who can do it. He must say he was pleased to find and 
had been mnch stmck by the consensus of opinion of all those speakers 
who had a real and practical knowledge of wliat was required of an 
tngineer at sea. Almost without exception they wei-e in favour of a more 
extended and varied practical training of apprentices destined to become 
sea-going engineers. In conclusion, he thanked the meeting for the 
manner in which bis paper had been received. He had done his best to 
be fair and impartial, and he felt flattered by the discussion that h&d 
taken place. 

Mr. M. Sandison moved the resolution proposed by Mr. J. C. 
Stirzaker at the last meetii^, viz. : — " That this meeting having discussed 
the able paper rend by Mr. Fothei^ill, authorises the Council to dniw np 
II reply to the letU^r receii'cd from the Marine Department of the Board 
of Trade," which was seconded by Mr. H. B. Buckland, and carried. 



The meeting tlien dissolved. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Tenth Session, 1893-94. 



PROCEEDINGS 



FIFTH GENERAL MEETING OF THE SESSION, HELD IN THE PHYSI- 
CAL LECTURE HALL OF THE DURHAM COLLEGE OF SCIENCE, 

NEWCASTLE-UPON-TYNE, ON TUESDAY EVENING, FEBRUARY 
13th, 189^4. 



ROBERT THOMPSON, Esq., Phbsidbnt, in the Chair. 



The Secretary read the minutes of the Special General Meeting, 
held in Newcastle-upon-Tyne, on January 30th, 1894, which were 
approved by the members present, and signed by the President. 

The discussion on Mr. Frank Caws's paper " On Certain Principles of 
Motion, as taught by the Pendulum ; and as illustrated by the Resistance 
of Ships and other bodies moving through Fluids ; together with a brief 
sketch of the Pendulum Speed-Power Meter " was opened and adjourned. 

Mr. Hugh Macoll read a paper by Mr. William Bell " On a New 
System of Construction for Large Vessels of Cellular Type." The dis- 
cussion was opened and adjourned. 



VOL. X-— 18M. ^^ 



DISCUSSION — PRINCIPLES OP MOTION, ETC. 205 



DISCUSSION ON MR. FRANK CAWS'S PAPER ON " CERTAIN 
PRINCIPLES OF MOTION, AS TAUGHT BY THE PEN- 
DULUM," ETC. 

Mr. J. Kino opened the discussion on Mr. Frank Caws's paper by 
remarking that the subject was one well worthy of discussion by that 
Institution. Although he had not much faith in ship model speed 
experiments of any kind giving practical results, yet this beautifully lucid 
paper of Mr. Caws was based upon a very simple application of well- 
known mechanical principles, and was deserving of careful examination 
and criticism by shipbuilders. The part of the paper most concerning 
the subject of speed inodels was that relating to the resisted pendulum. 
A difficulty one had at the outset in considering this proposed method of 
measuring a ship's resistance was that the model, at every instance of its 
stroke, was varying in its velocity, and at first sight that would seem not 
quite a parallel case to the ship moving at a constant speed. Mr. Caws 
had been careful to make it clear that the full speed which he took for 
his model was that of the vertex speed due to the angle of starting of the 
pendulum — not the mean speed, but the theoretical vertex speed of the 
pendulum. It was quite evident that in these experiments the model 
did not attain the theoretical vertex or full speed due to the momentum 
of the pendulum, but reached its maximum speed some distance on the 
initial side of the geometric vertex. If they supposed a pendulum starting 
at 10 degs. and ending at 9 degs. on the other side of the vertex, it seemed 
as if the true speed should be taken as represented by 9^ degs. and not 
10 d^s. But on proof, that assumption would appear to be wrong, for 
models might be made with sufficient resistance in themselves so that 
when they passed the vertex they might have a very small speed and yet 
the model resistance should be measured by the total energy put into the 
model in the initial part of the swing. Therefore the corresponding speed 
at which the model was running should be taken as that due to the initial 
angle of the pendulum. Speaking of the law of corresponding speeds, it 
was pleasant to note that Mr. Caws had given Reech credit for being 
the first proponnder of the law. This part of the subject could be more 
clearly expressed by a graphic method which he might put on the board. 
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Diagram No. 1 was practically a reproduction of Mr. Caws'B own diagram, 
with A, the position of the plamb bob at the initial part of the stroke ; Z, 
nhere it would reach if unreBisted ; C, the point of maximiim speed ; and 




Y the final position when it was propelling the ship model. The energies 
expended during the vibration were represented in Diagram No. 2. 
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beginning of the beat, B C the line of potential energy in the initial half 
of the beat ; the potential energy disappeared before the pendulum reached 
the theoretical vertex point 0. 6 was the line of potential energy in the 
final half of the beat, A D Y the line of kinetic energy throughout the 
beat, A B, A H, J, and A H Z were the corresponding lines of the un- 
resisted beat, A L represented the line of expenditure of total energy or 
work done during the beat, and JX = JZ — 6Y = YL. That was 
to say, Y L represented the difference between the energy put into the 
model at beginning of beat and the energy recovered from the model dur- 
ing the final part of the vibration. From this it was clear then that the 
expenditure of energy or rate of doing work which went on throughout 
the whole of the beat, went on at a constant ratio along the line A L, the 
ordinates to this line representing the amount of energy which had been 
expended, or work done up to that particular point of the stroke. So that 
although the model was moving at a continually vaiying velocity, yet the 
result, or the loss of energy which was represented by Y L, was really 




A C Y 

Diagram No. 3. 

equivalent to the loss of energy as though the model was travelling at a 
continuous speed. This was evident, because the velocity of the model was 
due to the conversion of potential into kinetic energy, and was proportional 
to the amount of kinetic energy developed ; but as the conversion went on 
in a constant ratio the true relative speed might be considered to be in a 
constant ratio to the total potential or kinetic energy put into the model. 
So that although apparently the model was varying every instant in speed, 
yet the amount of energy expended upon the model was constant, and 
being so, the speed might be considered constant, and at the full real ver- 
tex speed. The energy absorbed in the driving of the model during the 
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the circle. No force whatever was dae to the motion, bo that kinetic 
force had no existence. Mr. Cawe also said that the arc of swing repre- 
sented the time and speed of the swing. Now, if the time were taken as 
constant for all arcs of swing, then the length of the arc wonid represent 
its speed for different angles of swing. This is approsimatelj true for 
the unresisted pendolnm, for he had calculated that for very small swings 
the time was 2*42^ seconds, while for a swing of 60 degs. the time was 
2-46 seconds. But if the arc represented the speed it could not repi'csent 
the time which was nearlj the same, whether the swing was large or 
small. Again, if the pendnlnm was resisted the time of swing would no 
longer be the same for all sizes of swing, so that then the arc would not 
represent the speed. Mr. King had referred already to the variation of 
the speed during the swing. This varying speed was of very great 
importance in considering the fluid resistances introduced against the 
moving body. These resistances varied enormously with the speed, and 
he did not see how it was possible to compare the results obtained at a 
speed always varying and those got at a uniform speed, Mr. Caws met 
this objection as to the speed always varying by r^rding the velocity of 
the pendulum as having a constant value, which might be partly poten- 
tial and partly kinetic. Now, motion was not something which could be 
stored up and made potential. It was the rate at which a body was 
changing its position from one place to another. A body might either be 
moving or at rest, but it conld not store np its motion for future use. 
The speed must be either actual or non-existent at a particular instant. 
To speak of kinetic speed was the same thing as to say speed of motion. 
This division into potential and kinetic speed bad no real basis, and we 
e lx)iuid to rcciiiruisc tliat the sittti at thu kginniiip of the 
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the circle. No force whatever was dae to the motioD, ao that kinetic 
force had no ejistence, Mr. CawB alw said that the arc of awing repre- 
sented the time and speed of the Bwiag. Now, if the time were taken as 
constant for all arcs of swing, then the length of the arc would represent 
its speed for different angles of swing. This is approximately true for 
the uoresisted pendnlmn, for he had calculated that for very Bmall swings 
the time was 2*42- seconds, while for a swing of 60 degs. the time was 
2'46 seconds. But if the arc represented the speed it could not represent 
the time which was nearly the same, whether the swing was large or 
small. Again, if the pendulum was resisted the time of swing would no 
longer he the same for all sizes of swing, so that then the arc woald not 
represent the speed. Mr. King had referred already to the variation of 
the speed during the swing. This varying speed was of very great 
importance in considering the fluid resistances introduced against the 
moving body. These resistances varied enormonsly with the speed, and 
he did not see how it was possihle to compare the resultB obtained at a 
speed always varying and those got at a nnilorm speed. Mr. Caws met 
this objection as to the speed always varying by regarding the velocity of 
the pendulum as having a constant value, which might be partly poten- 
tial and partly kinetic. Now, motion was not something which could be 
stored up and made potential. It was the rate at which a body was 
changing its position from one place to another. A body might either be 
moving or at rest, but it could not store np its motion for future use. 
The speed must be either actual or non-esistent at a particular instant. 
To speak of kinetic speed was the same thing as to say speed of motion. 
This division into potential and kinetic speed had no real basis, and we 
e bound to recognise that the speed at the beginning of the motion 
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1*57 : 1, 80 that there was some mistake in reckoning it as double. 
Again, Mr. Caws says : " For the same measure of energy, = E, which 
will turn the mass of, say, a pendulum, or wheel, or cylinder, about a 
stationary centre at a mean speed of A Y per beat (ue.j per half revolu- 
tion) will roll that pendulum bob, wheel or cylinder along a level floor, 
free of ties, at the continual vertex speed = 2 x A Y per half revolu- 
tion ; because in the latter case there is no fixed centre to absorb by 

E 
reaction half the energy, = ^ ; and so the whole energy, = E, is devoted 

to the momentum of the rolling mass." Now, this was incorrect. A fixed 
frictionless axis of revolution absorbs no energy. The idea seemed to be 
this: — 




FI6.I. 



£w\ 




If in Fig. 1 the weight descended the horizontal bar resting on the top 
of the wheel would move at the same rate as the falling weight. In Fig. 
2, where the wheel did not turn about an axis but rolled along the table, 
the speed of the horizontal bar on the top of the wheel would be double 
that of the falling weight. Now, the error lay in assuming that after 
falling, say 2 feet, the speed of the falling weight would be the same in 
the two cases. In reality, if the two horizontal bars were the same 
weight, this speed would be greater in Fig. 1 than in Fig. 2, and the 
kinetic energy would be exactly the same in the two cases. No energy was 
therefore absorbed by the fixed centre, so that the analogy which Mr. Caws 
drew between the effect of fluid resistance and that of a fixed centre was 
based on a fallacy. These were some typical instances of the dynamical 
errors throughout the paper which it was impossible to allow to pass 
unquestioned. In the discussion of the effect of the resistance on model 
attached to pendulum bob there were many points as to which statements 
were made which seemed to him incorrect, and certainly required proof. 
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As to the application of the pendalnm to ship models and their resistance, 
he did not pretend to deal with that, but he would doubt verj much the 
value of resistances obtained at speeds constantly varying, when it was 
certain that the resistance varied very much when the speed was altered, 
aud to base conclusions on such results might be very misleading. This 
pendulum meter might possibly be of value in comparing two different 
models under exactly the same conditions, but aa to the possibility of 
arriving at the power necessary to drive a given vessel at a given speed 
from the results of such experimeute he would have very great doubts. 

Mr. Jas. Thomson said that what he had intended to say with refer- 
ence to the dynamical explanations had already been said by Mr. Ferrier. 
Without going into these elementary explanations, he wished to say that 
ill his opinion Mr. Caws's argument was based upon a fallacy — really on 
two fallacies. The first was the assumption that there was in any sense a 
constant velocity in the case of the motion of a pendulum. They could 
attach a definite meaning to the terms "kinetic" and "potential" energy, 
but they could not understand "potential" or "kinetic force," or 
"potential" or "kinetic velocity." Xow, he thought that by the use of 
the terms "kinetic" and "potential velocity" Mr. Caws was led into the 
assumption that there ia in some sense a constant velocity in pendulum 
motion. Another difficulty was this — in considering the resistance of 
ships what was wanted practically was resistance of the ship at some 
given speed, that was to say, a ship was ordinarily intended not to start 
and stop, but to mn for a number of days at approximately one speed. 
What they wanted to know was the resistance at that speed. Even if 
they could measure exactly the resistance at varying speeds it would be of 
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to bring out waa this : they could not trust with any certainty calculations 
based upon model experiments when those experiments were de|)endent 
upon those two assumptions, first, that there is in any sense constant 
speed in pendulum motion ; and secondly, that there is anything that can 
be described as a real wave attendant upon a model attached to the 
pendulum as described. 

Mr. J. Denholm Young said that those who had spoken upon the 
paper had done so from a mathematical point of view ; and he was sorry 
that they were not more hopeful about the case ; but one of the facts that 
faced them was that Mr. Caws had obtained results which compared very 
remarkably with the actual speed curves of the vessels. It augured well 
at least for future successes with his apparatus. He could not endorse Mr. 
Caws's system of dynamics ; he was rather compelled to agree in principle 
with what Mr. Ferrier and Mr. Thomson said, and those who based their 
dynamics upon Sir Isaac Newton's teaching, would be bound to follow in 
that respect. He was sure, however, that a great deal might be learned 
from the pendulum meter. Those who had seen that beautiful instrument 
would recognise the immense labour Mr. Caws had spent over it — labour 
he thought scarcely equalled throughout the country — and deserving of 
the highest recognition for painstaking and careful research. However, 
all had disagreed with Mr. Caws's method of calculation, and some had 
come to the conclusion that it was impossible to arrive at any real result 
from the experiments with a model in a pendulum meter. He (Mr. Young) 
ventured to suggest that it was possible to arrive at approximately correct 
results by a different line of thought. It appeared to him that when the 
model started from her leash that she started with a low velocity and 
small resistance. As her speed increased her resistance also increased (it 
might not be by a fair curve), until the maximum velocity was attained, 
and then decreased again, and what they registered upon the meter at the 
end of the beat was a quantity represented by an area bounded by a curve. 
What they wanted to find out was something approaching the ratio of 
mean height to vertex height in this curve. They should have registered 
exactly the same amount had the area been of a rectangular form, and 
knowing the mean length they could at once have found the mean height ; 
but the difficulty now was to find the vertex height. They knew the 
vertex speed. Now, suppose they assumed that the velocity on one beat 
varied nearly as >/ versine, then the resistance varied nearly as the versed 
sine of the angle swept through at any instant of the beat. By a 
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certain process of calculation not very difficnlt to perform, they could 
obtnin the required ratio which might be approximately expressed as = 



/ 



versine fl 

Mr. Caws's pendulum had a great advantc^ over the travelling truck, in 
the absence of all internal friction, and it was possible that the error 
introduced iu a calculation of this sort would be comparatively small if 
properly carried through. He hoped that, owing to the extreme delicacy 
of Mr. Caws's experimcDts, something really useful in the cause of practical 
science might be obtained from the tank before them. 

Mr. E. W. De Rusett said that Mr. Caws's experiments were quite 
as accurate as any he had seen produced from any other system of model 
experiments. Some of the models of vessels built by Messrs. C. S. 
Swan & Hunter had been tested by this meter, and latterly the curves 
came out satisfactorily. Mr. Caws had been a long time engaged in this 
work, and, of course, like other men, he had had mnch to leam, especially 
as his system was so novel. He thought they should have much patience 
with a gentleman who had given so much time to experimental research, 
and extend to him every encouragement in solving the difficult problem 
he had undertaken and which bad entailed such an amount of hard work. 
Whatever may be the differences of opinion as to the laws governing the 
speed and power curves obtained from the author's meter, there remained 
tlie fact that the cun'es themselves were of the same cbaracter as those 
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more likely to give the most correct indication of resistance, and hence 
become the standard for comparison ? Was there a standard in the sea 
progressive speed curves, when the data upon which they were constructed 
was, to say the least, sometimes so unreliable ? For instance, the speed 
had been proved to be materially affected by the depth of water, also by 
the tide with its changing velocity, by currents, by direction and force of 
the wind, and by the extent of tophamper, etc., besides the indicated 
power would be affected by the indicator, by grit, priming, etc., making 
the piston work stiffly, also by inherent defects in the instrument — defects 
well known to the thinking men present. That the cards did vary, and 
that high or low powers might be selected according to circumstances 
increased the difficulty. Another very important factor in the relation 
between effective and indicated powers was the relative newness of the 
engines, the condition of the packing, and last but not least the screw 
propeller, and who could anticipate what proportion this would absorb of 
the expected power ? Now, in the pendulum meter there was no current, 
the water was relatively deep, there was no wind, no screw and no vibra- 
tion, and the indicator was very simple and constant. So, taking all 
things into consideration, it seemed hardly credible that the meter could 
be so wrong in principle as to be even as unreliable and variable as the 
progressive speed curves of actual ships — which so few seemed to question 
— and when compared to which, model speed curves were too hastily 
pronounced erroneous when any marked difference existed between them. 
Now that the meter had been improved and more experience gained in its 
operation, the later model experiments were very encouraging ; and no 
doubt was left on his mind that when progressive speed trials were more 
exhaustively analysed and proper allowances made for the disturbing 
elements referred to, an effective and reliable ratio curve would be pro- 
duced, by which the effective power of the meter would be readily trans- 
lated into indicated power. He had known Mr. Caws as a patient, hard 
working investigator for a good many years, and he thought that instead 
of throwing their mathematics at him they should give encouragement, 
and he believed they would soon be able to acknowledge the value of his 
pendulum and ship resistance meter. 

The President said he had submitted a model to Mr. Caws within the 
last few days, and the facts which had come out at the speed trials made 
it look very promising for shipbuilders. The speed curve Mr. Caws gave 
from the model was very similar to the actual results. He thought his 
tank would be very useful, at any rate to show what was the best shaped 
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model for a good speed, as a basis to work from. If they could in- 
troduce it, it would be much less costly than the Oovernment tauk or 
Messrs. Denny's tank at Dumbarton. 

Mr. H. Macoll said, like Mr. De Rtisett, he bad been interested in 
these tiink experiments for some time. In some of Mr. Caws's early experi- 
ments u'ith small models, the results, especially when made in a tank having 
a close resemblance to an ordinary house bath, did not at firat impress the 
speaker very favourably. However, after some alight inaccuracies were 
remedied, and later, and more particularly since the new tank had been 
constructed, he considered the problem of ship's resistance had entered on 
a very interesting and instructing stage. Although there was a very con- 
siderable difference between the curves given ont for different vessels ; 
still, it was undeniable that these curves as given oat by the meter gave a 
quite proportionate curve to that ascertained by the graduated trial of the 
sliip at sta. He did not by any means pin himself to the mathematical 
deductions by the inventor of the tank arrangement. His own opinion 
was, it would have been better for Mr. Caws to have gone straight for the 
pi'actical application and adaptation of his scheme to full sized vessels. One 
tiling, however, which occurred to him, and which he observed was over- 
looked by those who treated the matter from the purely mathematical aspect, 
was that the cnei^y or momentum imparted to the model during the 
lirst half of the beat was partly restored by the model during the second 
half. So that they had the problem of a restricted or retarded pendulum 
during thu first half of the beat, and an accelerated or assisted pendulum 
during the second half. That was easily proved by experimenting with 
the pendulum if placud at the nil side of the trminioiin tir J,^lides instenii 
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obtained by the expenditure of more power than was expected, and the 
higher part of the curve did not correspond in the ship and model trials. 
However, after some time the propeller, which had four portable blades, 
was removed, ani a new one having solid blades fitted gave about fths of 
a knot more at extreme speed, and thus brought both curves into fair com- 
parison with each other. Dealing with cargo boats pure and simple they 
entered on more reliable ground, and he hai a strong impression that a 
considerable proportion of the discrepancies they found at low speeds was 
due to taking the indicator diagrams with too stiff springs. The springs 
should be altered so as to give nearly as much, if not more, area than the 
area swept at high speeds, as a very slight want of appreciation of the 
pressure made a large difference in the power given out. Another matter, 
by the way, would also be a great convenience if at slow speeds a half 
knot course instead of one knot could be run, the time now necessary 
to steady the engines, and also the ship would be largely reduced. 
The probable effect of smooth versits rough models had been alluded 
to. Pull experiments had been made with models of varying degi-ees 
of roughness, and somehow the water was so very accommodating 
that the rough models slipped through the water nicely and gave 
almost exactly the same results as the smooth ones. It appeared to him 
the problem only required the hearty co-operation of shipbuilders and 
engineers to extend the range of experiments with different vessels and 
at varying speeds, and the results would be a more exact understanding 
of the questions and also the prediction of the necessary I.H.P. for a given 
speed with a given model. 

The discussion was adjourned. 
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ON A NEW SYSTEM OF CONSTRUCTION FOR LARGE 

VESSELS OF CELLULAR TYPE. 



By WILLIAM BELL. 



[Rbad bbfobb the Inbtittttion in Nbwoastlb-upon-Tykb, 

ISth Febrtjaby, 1894.] 



While merchant steamers were small, of fine fonn, and without 
structural complication, there was little scope for improvement in the 
details of construction, but with the advent of large full vessels of 
cellular type the mechanical conditions have altered, and modifications, 
formerly of little or no economic value, can now be introduced with 
advantage. 

The long, straight, middle body and deep floors and holds of modern 
steamers permit at least a partial appUcation of the principles and 
manipulative methods developed in bridge building where the " lattice " 
haa displaced the solid form for deep girders, and economy and exactness 
of workmanship result from a multipUcation of interchangeable parts. 

Vessels of the dimensions now general require great longitudinal 
strength. The modifications of structure required for the carriage of 
water ballast give this in excess to the bottom, and hence, below the bilge 
in cellular vessels longitudinal framing is of little or no structural use. 
Above the bilge, however, it is clear that an arrangement of the frame- 
work, or part of it, in a longitudinal direction would prove beneficial to 
the structure as a whole.* 

These considerations gave rise to the constructive scheme now to be 
described, which is an attempt to take advantage of existing conditions, 
and to produce a kind of girder formation and arrangement more suitable 
for large steamers and more economical than the system in vogue. 

• In riveted stmctares subjected to stresses varying in force and direction the 
practical value of the attachment of the several parts is not the ultimate shccriD<:r 
resistance of the rivets, but the power of resistance to movement in the joints. This 
power wiU be increased by increasing the frictional resistance of the riveted 
surfaces. 

VOL. X.— 1»L 1 7 
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For the purpose of comparison the midship section of a merchant 
steamer of cellular construction, recently built to Lloyd's higiieat class, 
has been selected (see Plate XVI.) and another section prepared for the 
same vessel on the new principle (Plate XVII.). By comparing the two 
sections the points of difference maj be easily discerned. This steamer is 
of the following dimensions : — Length, 360 feet ; beam, 44 feet 6 inches ; 
depth (moulded), 29 feet. She has a continuous double bottom, slab 
keel, and solid plate floors. In lien of web frames in the holds the 
frames are increased in depth to 9 inches, and supplemented by three 
heavy side keelsons projecting 15 inches inside the reverse bars. This 
arrangement was adopted to secure greater stowage capacity. 

In the modified section the scantlings of the framework are arranged 
so that the collective strength (considered as beams) of any set of girders 
in a given length shall not be less than the collective strength of the 
corresponding set in the section to Lloyd's rules. The principal stmc- 
tural modifications are as follows : — 

Kfel. 

The keel (see Plate XVII.) is formed of two bnlb angles of special 
design, about 8 inches by 8 inches by 1^ inches, which take the place 
of the " slabs " on each side of the vertical centre through plate, and 
thus dispense with them and with flanged keel plates. These angles run. 
fore and aft as far as they can be conveniently bevelled, beyond which the 
present arrangement is resumed. This modification will increase the 
lateral strength of the keel, remove all difficulty in securing good work- 
manship, now considerable, and cost mnch less than the present combi- 
nation of "slabs" and flanged plates. 
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floors, riveted to the fore and aft flanges of the T steel struts by three 
I inch rivets at each end. This arrangement of floor forms, in effect, a 
modified "lattice" beam. It can be made of equal strength to the solid 
plate floor, perforated with manholes, with a saving of about 20 per cent, 
in material. The platers' work will be done in less than half the time 
and with one-third of the help required to manipulate the plate floor, and 
the riveting will be reduced by 25 per cent. Against local strains this 
floor would be more efficient than the plate floor. 

In the writer's experience where damage to the bottom of cellular 
vessels has been sustained the light bottom angle connecting the floor 
plate to the skin is the first to give way. The rivets sheer and the bar is 
forced up, thus destroying the efficiency of the girder before the power in 
resisting distortion, due to its depth, has been exerted. In the modified 
floor there are no rivets to sheer except those in the struts, where the 
rivets are concentrated, all in double sheer, and not to be affected until 
the liner between the struts has been crushed up. Another advantage 
with this form of floor would be that, if damaged, it can be more easily 
and cheaply repaired than the present floor. 

This floor may be modified in various ways, and strengthened for very 
large vessels, by substituting for the liners between the struts triangular 
bracket plates, connected at the top and bottom to the heavy steel angles, 
thus forming, without any waste of material, diamond-shaped openings be- 
tween the struts. The finished floor (see Plate XVIII.) will then resemble 
in appearance, though not in character, the bracket arrangement formerly 
in use, but, unlike the latter, it can be riveted before going into place, 
like an ordinary floor. Outside the tank the floors are formed by splitting 
the channel steel side frames, and bringing the upper flange and part of 
the web to the floor height, the space between the severed parts being 
made good by a flanged plate for connection with the tank side. In this 
way the inner flange of the channel steel, in way of the floor, where 
useless, is made to serve as the upper flange of the floor. 

Side Frames. 

To the upper turn of bilge, along the line of the first longitudinal, 
the side frames are spaced 26 inches apart. Above this point the spacing 
increases to 52 inches, every other frame being omitted. These frames 
are formed of channel steel 12 inches by 3^ inches by ^ inch, and are 
supplemented by longitudinal frames spaced vertically 30 inches apart. 
The longitudinals all run parallel to the deck sheer, and the shell plates, 
which are 5 feet wide, in way of them, and fitted edge to edge, butt on 
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alternate longitudinals, and are riveted to them with a horizontal Beam, 
butt strap outside. From the keel to the bUge the shell plates are fitted 
in the usual way with overlapping edges. The longitudinals in way of 
the shell plate edges are formed of intermediate pieces of T or angle steel, 
16 inches by 7 inches by ^ inch, fitted between the vertical frames, and 
attached to them by lug pieces. These lugs are of angle steel 3^ inches 
by 3^ inches by ^^ inch on the back side of the frame, and 6^ inches by 
3^ inches by /^ inch on the flange aide. By this means, without shaping, 
the intermediate pieces are connected to either side of the channel frame 
with equal facility. To the inner edges of the intermediate pieces two 
continnouB bnlb angles 4 inches by 3^ inches by ^ inch are fltted back to 
back and rivet«d to them and to the inner flanges of the vertical frames. 
These bulb angles form the inner "boom" of the side longitudinal gkder. 
The outer boom is formed by the shell plating and horizontal aeam bntt 
strap. 

The longitudinals running between the plate edges, along the centre 
of the shell plates, are formed in the same manner, only the intermediate 
pieces are of angle steel, 16 inches by SJ inches by jV i^ch. Where the 
longitudinal crosses the vertical butts of the shell, however, intermediate 
pieces of T steel are introduced to increase the rivet attachment in way 
of the butt. The stnictural effect of this formation is to produce a series 
of interlacing girdere of nearly uniform strength in every direction, all 
in equally intimate contact with the shell plating. The area of un- 
stiffened plating is the same all over the aide, and nowhere greater than 
at present. The vertical frames have efficient lateral support at close and 
regular intervals, and cannot buckle under stress. A considerable addi- 
i^de to the loTii^ituiiinal slrenstii of the vessel without ii 
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longitudinals. When building on this plan, the construction of the 
bottom and tank might proceed as usual, but when erecting the side 
framing a commencement would be made amidships, and go on simul- 
taneously forward and aft. The bulb angles, intermediates, and joint 
pieces for the several longitudinals, all exactly alike, and requiring no 
distinguishing marks of any kind, would be ranged conveniently on each 
side of the tank top, ready for hoisting into place, when a few of the 
vertical frames are on end and secured. The lug pieces would, of course, 
be riveted to the frames before erection. As soon as the longitudinals are 
in position, and well bolted together, the beams will come in without 
adjustment, and the whole side will be perfectly fair, and keep so, without 
the constant attention now necessary to secure even approximate fairness 
of side. In this way constructive operations will be greatly facilitated 
and much labour saved. 

By means of a simple contrivance, designed for the purpose, the 
greater part of the longitudinal framing will be riveted in place by 
hydraulic machines at one-third the cost now incurred for inside work of 
similar description. The templates from which the frames and longi- 
tudinals are prepared are very simple, easily applied, and so designed that 
it is almost impossible to go wrong when using them. The sheer heights 
and centres of the longitudinals must be correctly drawn on the board. 
The modus operandi is as follows : — The vertical side frame is set un- 
punched, laid on the board, and brought to the scrieve mark. The cross 
frame template is made to fit into the bosom and over the two flanges of 
the channel steel frame bar, and contains in correct relation to each other 
the two landing holes, the three lug piece holes, and the two holes 
through the inside flange for the longitudinal bulb angles. Thus, when 
any of these holes are right the remaining holes must be right also. This 
template is now laid on the frame and its centre made to coincide with 
the board centre of a longitudinal. The seven holes are marked in the 
usual way, and the template is shifted on to the next longitudinal and so 
on until all are marked. The distance between the centres of the landing 
holes and the centres of the holes for the bulb angles being the same the 
same template serves for both sides of the vessel. The only possible 
mistake that can be made in applying it is in coinciding the template 
centre with the board centre. To check this a ribbon template is used, 
containing the landing holes and the remainder of the shell holes through 
the frame between the landings. This is applied to the outside of the 
frame and shows at a glance whether the cross template was correctly 
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plitG«d in each case. Another template, aimilar to that for the loogi- 
tutlinals, gives the correct position of the beam end holes. 

For the preparation of the several parts forming the longitudinal 
framing four imiveraal templates are employed, each containing all the 
holes for the separate piece in correct relation to each other and to the 
holes in the frame templates. One of these templates serves for all 
the lug pieces, another for all the intermediates, a third for the bulb 
angles, and the fourth and last for the joint pieces of the bulb angle 
butts. Bj means of these seven templates the whole of the side framing, 
horizontal and vertical, for more than half the length in full vessels is 
produced with far greater eicaetness than is possible by the present 
method of marking everything separately for its own place after the 
frames are up and faired, and at much less expense. 

Towards the ends of the vessel, where the shape changes rapidly, the 
longitudinals would have to be made from moulds prepared in the loft, or 
tbe longitudinals might be partly omitted at the ends and closer vertical 
framing substituted. Should the longitudinal framing be carried all fore 
and aft the vortical frames would then be bevelled to the top of the floors, 
from which point they would be twisted so as to stand square to the 
curvature of the side. By this means waste of material in shaping the 
intermediate pieces would be avoided and labour saved. 

It is probable that many of the shell plates and the horizontal seam 
butt straps can be produced from templates in the same way aa the 
longitudinals before the vessel is framed ; but even should all the plates 
be templated in the usual way there would still be an advantage in this 
arrangement of framing as r^ards the fitting of long plates, for they 
could be templated and punched in much less time than is now required, 
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Beams. 

The beams are made of channel steel, 12 inches by 3^ inches by 
^ inch, supplemented by two longitudinals of the same size and descrip- 
tion as those for the sides and produced from the same templates. These 
longitudinals are intended to give lateral support to the beams, to assist 
the decks in resisting compressive strains and to increase their longi- 
tudinal strength. The beam ends are secured to the frames by eight 
i inch rivets, and by lug pieces riveted to the frames and lower flanges of 
the beams. This attachment is thought sufficient without adding knees, 
which break up stowage and are at best of doubtful structural use in 
vessels having numerous transverse bulkheads. The bulkhead must be 
the most effectual element in resisting change of transverse form and the 
first to be affected by the action of racking strains. To assist the bulk- 
heads and to compensate for the absence of beam knees it is proposed to 
fit oue or more strong partial bulkheads in each hold between the present 
transverse bulkheads. 

Stringer Plates. 

The stringer plates are not brought to the shell by cutting pieces out 
of the plate in way of the frames as the practice now is, but are fitted in 
line with the inner flanges of the frames. The connection between the 
stringer plates and the shell plating is effected by intermediate angles, 
16 inches by 3 J inches, of the same thickness as the stringer plate, fitted 
on the under side between the frames and riveted to the stringer plate by 
the row of rivets in the stringer bar. These angles are also connected to 
the frames at one end by a lug piece, and at the other by the beam flange. 
In this way waste of material is avoided and labour saved, while the value 
of the attachment between the stringer plate and the shell is in no way 
impaired. This mode of fitting the stringer plates has been recently 
adopted by an eminent Scotch shipbuilding firm with complete success. 

Bulkheads. 

The bulkhead frame (see Plate XVIII.) is of channel steel, the same 
as for the other frames, with a narrow rim of plating riveted to it 
between each of the longitudinals. To this rim, which projects about 
3^ inches clear of the bulb angles, the plating forming the body of the 
bulkhead is attached. There is a gap in the rim opposite each longi- 
tudinal to allow the bars to go into place without reeving, and these gaps 
are made watertight with small cast steel collars, all to one pattern, 
riveted to the rim and inner flange of the channel frame. The body of 
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the bulkhead is formed of chanuel steel, 30 inches by S^ inches by 
3^ inches, or of flangod plates of the same width between the flanges, 
fitted horizontally, attached at the sides to the rim plate, and terminating 
near tiie middle line against a semicircular tube of the same thickness as 
the bulkhead plates. This tube extends from the tank top to the apper 
deck, and is intended to act as a buttress giving support to the bulkhead 
amidships. It also serves to give access to the well, and forms the down- 
cast shaft for ventilating the hold, as will be explained later on. 

Between each pair of flanged plates, at the aides, in way of the 
longitudinals, a strong horizontal plate bracket, extending abont 30 inches 
before and abaft the bulkhead, is fitted and riveted to each longitudinal. 
From the inner edge of this bracket plate to the tube at the centre a 
stiffening angle is fitted between the fianges. By this arrangement the 
stress on the bnlkhead frame is transferred to the longitudinals, and the 
loss of section due to the closer pitched holes in the bulkhead frame 
is more than restored. The greater part of the riveting in the bulkheads 
can be done by hydranlic riveters by means of the apparatus, already 
referred to, designed for riveting the longitudinal framing. 

Tbntilation, 

Owing to the greater depth of the side girders and beams, a method of 
ventilating the holds is practicable, which it is believed would eEfectnally 
prevent sweating (see Plate XIX.). The downcast shaft at each bulkhead 
is fitted with a cross-pipe at the bottom. Through this pipe a current of air 
is conveyed to each side between the frames, outlets are provided on deck 
at the opposite end of the hold, and as both frames, longitudinals, and 
beams are perforated with holes along the line of their neutral axes, i 
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Several other minor variations affecting the hatches and hatch beams, 
shell plate butts and butt straps, shell doubling plates, hold pillars, etc., 
intended to secure greater economy in construction, need no detailed 
notice, as the foregoing description suflBciently indicates the principal 
features of the constructive scheme. 

For many years the practical details of ship structure have remained 
in a state of "arrested development." We are passing through a period 
of great depression, when cheaper production becomes doubly important. 
Whatever may be thought of the suggestions now submitted to the 
judgment of experts it is hoped their consideration may do good, and 
peradventure open up a road to further economic progress hitherto un- 
explored. 



Note. — Should there be difficulty in procuring the large sections of material in- 
troduced, the several modifications, keel excepted, may be carried out with the usual 
sections, supplemented by flanged plates for the longitudinal intermediates. The 
extra cost where modern flanging machinery is available would be trifling compared 
to the saving in riveting, and greater correctness of workmanship ensured by this 
system of construction. 



DISCUSSION. 

Mr. T. Millar said, in opening the discussion, that he thought Mr. 
Bell a bold man to bring his proposed scheme before the members of the 
Institution in its present form. Many substantial advantages were 
claimed for the proposed new system of construction, but in his opinion 
Mr. Bell failed to prove satisfactorily wherein these advantages lay. Two 
midship sections were given, evidently for purposes of comparison, one 
of a vessel built to Lloyd's, the other of a similar vessel arranged on the 
proposed system. This at once raised an important question — viz., had 
Mr. Bell's proposed system been submitted to and approved by Lloyd's 
committee ? 

The Presidbnt — I should think not, Mr. Millar. 

Mr. Millar — Then it seemed premature to assume the proposed 
section equal to that of a vessel which had been built, and no doubt 
when the members of the Institution had expressed their views on the 
subject Mr. Bell would see that Lloyd's might object seriously to several 
of his proposals in their present form. Mr. Bell might be under the 
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impreEsion that moet of his propoeals were new, bat each was not the 
case, as several of them have been carried ont in vessels which are now in 
active service. Keel, — Althongh the ordinary slab keel is at best a com- 
promise, it cannot be said that tbe proposed keel is any improvement 
upon it, cither for strei^t^ or efficiency. Framing. — Mr. Bell claimed 
that by his method of framing the register tonnage was rednced withoat 
loss of stowage capacity. That he failed to see, and on measoring the 
two sections in the ordinary way, i.e., inside of sparring and half depth 
of beams, he found there was two per oent. more area in the vessel with 
ordinary framing. If the capacity for cargo were measured to inside of 
shell plating, Mr. Bell's contention would hold good, bnt as it wonld be 
necessary to fit sparring on the inside of the frames, it was obvioos the 
increused depth of frames would reduce the cargo space as well as the 
tonnage. As it did not seem possible to carry ont the method of framing 
proposed, at the ends of the vessel, at anything like a reasonable cost, it 
would be necessary to resort to ordinary framing, in which case mnch of 
the advantage claimed would be lost. Framing. — In enumerating the 
constraction advantages it was stated that a large part of the framing 
now having to be farnaced would be dispensed with, but the fact that the 
framing proposed would be more difficult to fomace seemed to be ignored, 
besides, if the system were carried throughout the vessel some of tbe 
longitudinals would require to be furnaced. Should the method proposed 
Iki carried all fore and aft, it was suggested that the frames be twisted to 
stand square to the curvature of the ship's side, an arrangement which 
might suit everything except the beam connections. Floors. — The struc- 
ture of floor suggested was carried out in a somewhat similar but more effici- 
cnt fashion in a steamer built in Walker shipyard in 1888. As regarded the 
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thinner, as there were no rivet heads in the vertical flanges of the frames 
to cover, and the Umber holes could be kept close to the root of the frames. 
The writer proposed that the top and bottom members of the floors 
outside the double bottom be formed by splitting the channel frames. 
As the intermediate frames extend to the first longitudinal only, and they 
appear to be split to within 6 inches of same, it would be quite as good 
a job, and certainly much cheaper to use plain angles for this purpose. 
With the long frame it was quite a different matter, it being the 
ordinary practice to split channel or Z bars when either section was 
adopted for frames. Great stress was laid upon the longitudinal being in 
duplicate, so that no mistake need arise when they were being put in 
position. This statement was somewhat misleading, as the longitudinals 
were formed both of T bars and angle bars, and it was proposed to intro- 
duce T bars across the vertical butts of the shell plating to increase the 
rivet attachment. The proposal was all right if one could depend upon 
having the different sections fitted in their respective places, but there 
would always be a delightful uncertainty with regard to the pieces over 
the shell butts being in their correct position when the plates came to be 
templated. The riveting of the longitudinal to the main frames was 
totally inadequate, even if the longitudinals had not been called upon 
to perform any work, but angle lugs having three rivets through 
the frames and two rivets through the longitudinals could hardly 
be looked upon as an efficient connection for 12 inch bars. Beams, — 
The deck beams were the same section and spacing as the main frames, 
the deck plating being increased ^\^th to compensate, one would 
suppose, for the wide spacing. If necessary to increase the thickness of 
the deck plating, why reduce the stringers by 7r\^th in thickness ? The 
beam knees were dispensed with as being " at best of doubtful structural 
use ; " but directly afterwards it was proposed " to fit one or more strong 
partial bulkheads in each hold to assist the bulkheads, and compensate 
for the absence of beam knees," which sounded contradictory, to say the 
least of it. Plating. — It was stated that " the area of unstiffened plating 
was nowhere greater than at present ; " but if the two sections were com- 
pared it would be found that the area of unstiffened plating on the 
proposed section was in many places much in excess of the ordinary 
arrangement. It was not clear how the conclusion had been arrived at 
that the system of framing proposed offered special facilities as regarded 
fitting long plates, or that they could be templated and punched in much 
less time than now required. It was quite possible to fit plates as long 
and as broad on the one system as on the other, without structural detri- 
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ment ; and Burely it was easier to make an overlap tlian a flush seam if it 
bad to be a close fit. That the plates coald be templated or punched any 
quicker was doubtful, and it was assumed ae correct that " the area of 
unstifFeaed plating was nowhere greater than at present " it was reason- 
able to assume that the number of rivets connecting the plating to the 
frames, etc., would be approximately the same in either case, although it 
was stated that the number of seams would be reduced, and abont half 
the present number of holes sared. Some of the assumed saving in rivets 
would disappear when seam strips were fitted large enough to keep the 
plating joints together, as the sit^le riveted strips proposed would hardly 
be sufficient for this purpose, even with the assistance of the T bar 
longitudinals and rivets in doable sheer. Strirtffers.—The adoption of 
large shell bars or flanged plates for connecting the stringers to the shell 
was not by any means new, as it had been introduced into varloog 
steamers bnilt at Walker shipyard since 1891. Bulkheads. — The system 
of bulkheads proposed did not appear to be of a simple nature, several 
important features having evidently been disr^arded. Nothing was said 
about the butts or vertical stiffening, but perhaps it was intended to do 
ivithout either, in which case it was evident the question would require 
further consideration. The arrai^ment proposed had several drawbacks, 
viz., the number of collars entailed by the loi^itndinals, the amount of 
caulking involved in the arrangement of the BtifFenetB, and the liability 
to damage from cargo, owing to stiffeners being placed between the 
flanges of the platea. The number of knees fitted, to compensate for the 
bulkiiead frame being single, was also objectionable. Riveting. — The 
cotmectioDS shown on the various plans were in most cases out of all 
proportion to the sections of material proposed, and would require to be 
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extra cost of material would not more than counterbalance any estimated 
saving there might be in labour. While there were makers enterprising 
enough to make rolls for almost any section of material, provided they 
were sure of paying orders, it was extremely doubtful if any maker would 
care to tackle 80 inch channel bars for shipwork. Failing the proposed 
sections, the writer said we could " fall back on the usual sections, supple- 
mented by flanged plates," which seemed to effectually dispose of any 
advantage which might be claimed for the proposed system. Mr. Bell, he 
thought, contradicted himself in many parts of his paper, and failed to 
prove his case, as he assumed the scantlings and connections proposed were 
suflScient, and arrived at certain conclusions which seemed erroneous. 
Most people were glad to welcome any new ideas which would tend to lessen 
the cost of production, but were not at all willing to accept them unless 
backed up by something more than mere assertions, and he for one should 
have been glad had Mr. Bell placed before them in a more definite manner 
where and how his proposals would prove cheaper and better than the 
present method of ship construction. 

Mr. R. H. MuiB said he could not agree with Mr. Bell that " For 
many years the practical details of ship structure have remained in a state 
of arrested development." To his mind the progressive development, 
especially of the last ten years, had been such as to make builders proud 
of their achievements. If this progress had not been so rapid as Mr. Bell 
would wish, might it not be due to conditions imposed on the builder ? 
Owners generally drew out their own specifications to suit their special 
trade, and with a view to insurance and class, possibly they were a little 
conservative in their notions of structure. Again, part of the reason for 
what Mr. Bell calls " arrested development " may be due to the very thing 
he advocated in his paper, viz., the dealing with sections of material not 
commonly used in the shipyard, and for which the present tools would be 
of little use. Builders were not prepared to discard their old tools all at 
once and replace them with new, however much it would please tool 
makers ; and steel makers were in the same position. For instance, very 
few builders had angle shears to cut 12 inch angles forming the bottom 
frame, and still fewer had shears to cut 12 inch channels. He did not say 
that was any objection to the system, for given the tools many things might 
be improved. He could not agree with Mr. Bell on the use of the word 
" new " in the title of this paper, as the general ideas (details excepted) 
had already been adopted in many large vessels. As to details, take the 
upper deck stringer, the arrangement given in the paper was an angle bar 
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attached to the shel], and the stringer plat« riveted on ite inner edge, 
whether this method was good or bad he would leave Mr. Bell to Bay. 
Oil page 221, andcr floors, paragraph 2, talking of the ordinary solid plate 
floor attachment to the frame bar, it is stated : — " In the writer's experi- 
ence where damage to the bottom of cellnlar vessels has been sustained the 
light bottom angle connecting the floor plate to the skin is the first to 
give way. The rivets sheer and the bar is forced np, thus destroying the 
efficiency of the girder before the power in resisting distortion, dne to its 
depth, has been exerted," That statement hardly j^reed with his fnrther 
statement (page 225) for a similar arrangement : — " In this way waste of 
material is avoided and labonr saved, while the value of the attaciunent 
between the stringer plate and the shell is in no way impaired." Which 
could they accept ? Why not carry the stringer plate out to the shell and 
attach to the sheer strake in the ordinary way ? There was no cutting 
out for the frames, as the frames above were from deck to deck, and 
held at the bottom with a lug angle. It might be worth considering 
the cutting of the frame at the main deck as well for many reasons. 
lienms (page 225, eighth line). — Describing the beam end attachment, 
Mr. Bell said : " This attachment is thoi^ht sufficient without adding 
knees, which break up stowage, and are at best of doubtful structural nee 
in vessels having numerous transverse bulkheads." That was a delight- 
fully open expression, and quite refreshing in these days of " arrested 
development," But take the last sentence: "To assist the bulkheads 
and to compensate for the absence of beam knees" — why compensate for a 
thing that is " of doubtful structural use ? " — " it is proposed to fit one or 
more strong partial bulkheads in each hold between the present transverse 
Imlkiiciids." Ik'iicribiiig N'o. 1 st'ction, he cliiimei! by iricre;iHiiiy; Llir' 
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the two sides of the vessel apart and in true form ; secondly, the subdividing 
of the interior into such compartments as will enable her to keep afloat 
should one or even two of such compartments get bilged. This latter (in a 
modem vessel) was the more important, and implied that the bulkheads 
should resist the water pressure. A little consideration of the Bulkhead 
Commission's Report would have shown Mr. Bell that vertical stiffening 
was necessary, and theoretically ought to inci'ease with the depth. There 
were some other points he should like to have touched upon, e.g.^ the 
system as a whole was 3-ply riveting, in some cases 4-ply ; this should be 
avoided. He thought if Mr. Bell had had the President's experience of 
riveters' lists he would somewhat modify his proposed section. 

Mr. E. W. Db Rusett remarked that he thought there would be an 
objection to the author's very radical system of construction by the very 
free use made of bulb angles, for so far as his experience went bulb 
angles were diflScult to work. He did not say that with regard to frames, 
but with reference to keelsons, as they were so difficult to get close. There 
were also an unusual number of pockets for dirt formed by the stringers. 
In practice these were very objectionable, costing so much to clean out 
that an inspector to a vessel building in a Tyne yard specified for those, in 
an ordinarily constructed ship, to be filled up with cement. With regard to 
the proposed extensive use of channel sections he had recently submitted a 
section with channel beams, but Lloyd's would not accept them without 
such an increase in section as to render their adoption prohibitive ; the 
reason given being, that experiments showed this section for beams to be 
relatively weak. One member had said it would be difficult to get 15 
inch channels rolled, but his firm had used them for bulkhead stiffeners 
in a " tanker," where they answered their purpose satisfactorily ; and they 
had no difficulty in getting them of that size. With regard to the shell 
plating, he considered the edge to edge system very strong, but it would, 
he thought, be very costly, and difficult to work in conjunction with the 
stringers. Firstly, because the flange of the T bars being only 7 inches, 
did not, he considered, allow sufficient scope to get the plate edges fair, 
and to make a proper job of the riveting ; and, secondly, because he 
thought it would be very difficult to get the sheer of stringers and plating 
to run together, especially at the bilge, where the lowest stringer soon 
rising from the tank side would necessitate the introduction of another 
strake of plating. Besides, the seams being only single riveted, Lloyd's, 
in fairness to builders adopting the present rule system of plating, could 
not pass them. 
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The Fbesident said if Mr. Bell bad had any experience in submit- 
ting sections be wonld have felt that tbe number and size of these 
"lightenera" wonld have to be considerably modified. Asto tbepocketa, 
the 4-ply rivetmg, and the joining of the shell plates edge to edge, to be of 
an; nae they most fit close. With respect to the saving in riveting, one 
important point Mr. Bell had forgotten in his political economy was that 
of the la1>our question, because aa they reduced the quantity of riveting 
it was invariably fonud that Uie men demanded an increase of price. 
Oonsei]nently, much of the expected saving wonld be discounted. In 
the bilge any attachment whatever of the tank flange and fore and aft 
girder was Bimply dependent upon the shell plaLe, because the bracket 
knee appeared to be only a gOBBet plate. As to the question of capacity, 
for loose cargoes, such as grain carried out to the skin, the proposed 
system might give a better capacity, but this would not be so in the case 
of deals, because the net register was nearly the actual capacity for 
timber. 

The discussion was adjourned, and the meeting concluded. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Tenth Session, 1893-94. 



PROCEEDINGS. 



SIXTH GENERAL MEETING OF THE SESSION, HELD IN THE 
ATHEN^DM, WEST HARTLEPOOL, ON SATURDAY EVENING, 
MARCH 17th, 1894. 



ROBERT THOMPSON, Esq., J.P., Pbebident, in the Chaib. 



ITie Secretary read the minutes of the last General Meeting, held 
in Newcastle-upon-Tyne, on February 13th, 1894, which were approved 
by the members present, and signed by the President. 

The ballot for new members having been taken, Messrs. H. Withy 
and G. W. Sivewright were appointed by the President to examine the 
voting papers, and the following gentlemen were declared elected : — 

MEMBERS. 

Ampuero, Senor, Engineer, Chief of the Chilian Cruiser ''Presidenta Pinto/' 
Circulo Naval, Valparaiso. 

Archbold, William, Engineer Draughtsman, c/o Messrs. E. Scott, Mountain, & Co., 
The Close, Newcastle-on-Tyne. 

Campbell, Thomas, Shipbuilder, 2, St. John's Terrace, Jarrow-on-Tyno. 

Dickie, James, Shipyard Superintendent, Union Ironworks, San Francisco, Cali- 
fornia, U.S.A. 

Dugdale, William H., Shipbuilder, Green Bank, Jarrow-on-Tyne. 

Nevins, William, In8i)ccting Engineer, 28, Brookbank Road, Lewisham, 
London, S.E. 

MEMBERS (LATE GRADUATES). 

Davis, Thoe. Wilfrid, Marine Engineer, Birkenfcld, Bromley, Kent. 
Swan, Chas. Sheriton, Shipbuilder, c/o Messrs. C. S. Swan & Hunter, Wallsend- 
on-Tyne. 

vol.. 3L-lfi»l ^^ 
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ASSOCIATE. 



Walker. Jamee, Hercliant and Sbipbroker, c/o Meaara. OUchriit, Walker, ft Co., 
CoDstantinojile. 

GRADUATES. 
Pendred, L. St. L., DraaghtsmaD, 100, Weatmortand Koad, Newcaatle-on-Tyne. 
Bappoport, Fred. O., ApprentiM Engineer, 6, North View, HcatoQ, Newcastle- 

on Tyne. 
Stephenson, Robert, Apprentice Engineer, c/o MeMn. Robert 8t«phenaoD & Co., 

Liroil«d, Newcaatle-on-TyDe. 
. Swan, Qeorge, Apprentice Engineer, Qrore House, Ooaforth, Kewcastle-on-Tyne. 
Thornlej, Thomas W., Apprentice Kngitieer, 68, St. Lake's Ternue, Pallion, 

Sunderland. 
Walker, Qavia Knoi, Apprentice Engineer, c/o Messrs. E. Scott, If oantain, & Co., 

The Close, Naivcastie-on-Tyne. 
Warbarton, John A., Engineer Draughtsman,' 15. Nelson Street, Sunderland. 
Wilaon,JohnR. S., Apprentice Engineer, Roaeworth Tower, Ooaforth, NewcuUe- 

on.Tjno. 



Mr. Frank Caws replied to the diBcussinn on his paper " On Certain 
Priuciplea of Motion, as tanght by the Pendnlnm," etc. 

The diacuBeion on Mr. William Bell'B paper " On a New System of 
Construction for Large VeBsels of Cellular Type" was resumed. 
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MR. FRANK CAWS'S REPLY TO THE DISCUSSION ON HIS 
PAPER "ON CERTAIN PRINCIPLES OF MOTION, AS 
TAUGHT BY THE PENDULUM," ETC. 

Mr. Frank Caws, replying to the discussion on his paper, said Mr. 
King, in the singularly able maiden speech with which he opened the dis- 
cussion on this maiden paper, erected a strong outwork in defence of the 
pendulum speed-power meter theory, thereby entitling himself to the 
thanks of the author of that theory and inventor of that instrument. 
The gauge of the ship's speed, though very nearly, was not exactly the 
theoretic vertex speed, as Mr. King seemed to think, but related to it 
thus : — 

ship's vertex speed _ A Y 

theoretic speed of restrained pendulum A Z 

One expression of Mr. King's in reference to the displacement-replace- 
ment operation seemed to imply that this operation was characteristic of 
the model in meter rather than of the ship under weigh at sea. But the 
operation was in both cases simply this, the ship continually plunges 
like the model, with all the energy of her mass momentum into the 
undisturbed water ahead, the acceleration of whose fluid mass bears 
to the momentum of the ship's own mass the same relation as to the 
model's own mass. The hydrodynamic equivalence between the two 
cases was absolute. Mr. King laid too much stress on the question 
of corresponding smoothness of model and ship. It was quite true, 
as Mr. MacoU intimated, that the difference of resistance due to 
one model being less highly polished than another was practically 
inappreciable. In several cases models after being tested at a variety of 
speeds, had been scraped and repainted with a different kind of paint, 
and tested again at the same speeds, with substantially the same 
results as before. But though Mr. Macoll used the expression " rough 
models " he, of course, spoke within certain implied limits, such as would 
not extend to a surface foul and barnacled. The author once tested a 
smooth board's resistance, and then tested it covered with bristles stand- 
ing out like a brush. In the latter case the increase of resistance was of 
course enormous. It was a common but very en'oneous idea that skin 
resistance was wholly due to roughness. But those who thought thus 
overlooked this truth, that if the skin were almost absolutely smooth the 
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water TToald Btill cliag to it simply by the great force of attraction, and an 
amount of skin resistance would still be developed nearly aa large aa it 
would be if tbe skin were of ordinary smootbueee. On this accouat the 
want of absolute correspondence between the smoothneBB of model and of 
full sized ship was seen to poaaeas much leaa importance than Mr. King 
attached to it; for from tbis view of the case they should be justified in 
regarding it aa having no appreciable effect on tbe ratio of resistance of 
ship to that of model. In reference to Ur. King's thoughtful reflectiona 
as to analysing the componenta of ship resistance, they ought not to 
forget that the escapement wave was the reaultant outcome uot of some 
only, but of all these componenta. Thus akiu reeiatance, aa well aa body 
resistance, helped to produce tbe escapement wave. The pendulum 
speed-power meter yielded the exact measure of energy consumed by tbe 
escapement wave at the given speed, and thus the experiment revealed the 
measure of total resistance due to the combined effect of the ship's lines 
and skin. Every one would agree with Mr. King that at low speeds 

skm resistance ^^ ^ j fraction than at high speeds. But what that 

lines resistance " or 

fi-action really was at any speed no man knew. Questions of resistance 
whose answer 4epended on the value of this (taction could not be answered 
by calculation merely, that fraction being always unknown. Yet these 
were the questions which the pendulum speed-power meter answered at 
once with utmost accuracy, and in this service its ntility was great. 

That observation of the paper to the effect th^ dynamicians might differ 
about pendulums aa geologists about chasms bad found ample illustration 
in tbis discusaion, as was to be expected. It was regrettable that Mr. 
Ferrier and Mr. Thomson both spoke apparently from a very cursory 
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with the real doctrine of the paper than from an unwitting misconstruing 
of its language and meaning. For example, on page 104, the paper said 
" the time taken by the pendulum bob in which to realise its vertex velo- 
city exceeds the time in which the falling free mass descends from the A Z 
level to the level, as the length of arc A 0, or Z 0, exceeds the length of 
the versine or vertical dip of that arc," which simply means that a body 
sHding unresistedly down a slope occupies more time than in falling plumb 
down the same height, the difference of time of sloping descent and of 
vertical descent being simply proportional to the difference between the 
length and height of slope. Of slopes absolutely straight this doctrine 
was absolutely true: and so nearly true of slopes such as those which 
were employed in working the pendulum meter (which, though not 
absolutely straight, had practically no difference of length from foot to 
summit, from what they would have if straight), that in working the 
pendulum meter up to a speed of (representing) 35 knots no error of the 
slightest importance would arise if the curvature were neglected. The 
curvature, however, was not neglected ; and, moreover, the infinitesimal 
difference between the circular and cycloidal curvature had been carefully 
calculated and allowed for on the brass reading bar of the instrument, 
which was specially stated in the paper on page 120. Yet, strange to say, 
in spite of these statements in the paper, which were both explicit and 
correct, a not inconsiderable portion of Mr. Ferrier's speech was devoted 
to criticising them as though they had expressed the doctrine that the 
pendulum's period varied as its arc of amplitude I How Mr. Ferrier could 
have brought himself to attach such a gross misinterpretation as that to 
the plain language of the paper was conceivable upon no other hypothesis 
than that his opportunities had not permitted that careful perusal of 
the paper by which alone it could be understood. No schoolboy who 
had felt really interested in the story of Galileo watching the chandeliers 
swinging in the church, equal periods for all amplitudes, would be likely 
to commit so gross a blunder as Mr. Ferrier naively attributed to the 
author of this paper in this very respect. In the same passage of his 
speech Mr. Ferrier proceeded to particularise the difference between 
cycloidal and circular pendulum's periods, ignoring the statement on page 
120 altogether. And in this earlier portion of his criticism Mr. Ferrier, 
referring to the statement of the paper that the pendulum's force was 
proportional to the sine of the angle of amplitude, and, admitting that to 
be so, added the intimation that the direction of the force was not hori- 
zontal but tangential to the circle, as if to imply that the paper had 
represented the force as acting horizontally. The truth was, the tangeu- 
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tial direction of the force appeared in the mind of the writer so self- 
evident as to go without eajing ; and, accordingly, like many other 
geometrical and mathematical facte more or lees intimately related bat 
not appearing necessary to the particular argument, this detail was not 
specified. 

Passing now from these superfluous, not to say hypercritical, to the 
more properly argumentative observations of Mr. Perrier, they were met 
at once by his protest, in which Mr, Thomson united, gainst the applica- 
tion by the paper of the terms potential and kinetic to force and speed. 
Mr. Thomson said he could attach a definite meaning to the terms kinetic 
and potential energy, bat he could not understand pot«ntial or kinetic 
force or potential and kinetic velocity. Now what was energy but a pile 
of accumulated forces ? And what was force but the increment of enei^ ? 
And what was resistance but the decrement of energy ? Force, energy, 
speed, were co-principles of motion, absolutely inseparable, a veritable three 
in one, holding their potential and kinetic attributes in common. Con- 
servation of energy involved of necessity conservation of force and speed. 
The reciprocal principle essential to conservation was expressed in the 
formula. Potential value -f- Kinetic value = Constant value ; or P + K 
= C ; as set forth in the paper. Deny that principle to force and speed 
and they denied it to enei^y also. Deny that principle to force and speed, 
and they denied it to conservation. They rendered that fundamental law 
of conservation void and of none effect, and thereby they exchanged cosmos 
for chaos. To prove that nothing but confusion could result from such 
denial, they need only seek to apply the words of Mr. Ferrier to the 
fiicts and acts of the pendulum. Mr. Ferrier contended (1) that 
"speed must be actual or non-existent at a particular instant;" (2) 
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force = g^ ue., greatest force obtainable by gravity ! Here, again, at or near 
vertex, speed was at its greatest ; and force was nothing I They were for- 
bidden to regard the speed and force in any potential relation. Mr. Ferrier 
instructed them to value them according to their actual particular instant 
value. They had done so; and with this result that a zero speed was 
possessed of the greatest force ; and a zero force was the due of the top 
speed ! For the sake of a doctrine which thus led them into confusion 
worse confounded, they were invited by Mr. Ferrier and Mr. Thomson to 
pronounce erroneous that method of interpretation, which might be called 
the P + K = C method, set forth in the paper, and which was the only 
rational interpretation. 

Evidently Mr. Thomson had missed the true meaning of the paper ; 
for he charged the paper with assuming the wave as existing "when 
the model was at rest." The misapprehension under which Mr. Thomson 
laboured here was evidenced by his use of the words " when the model 
was at rest." The paper assumed the presence of the wave not before 
the start but when the start was made. Before the start the model was 
truly at rest, and there was no unbalanced force to cause a wave. But 
immediately the severance of the leash was effected the unbalanced poten- 
tial force was undoubtedly present confronted by its potential wave. The 
space of time engaged in severing the leash was quite infinitesimal. But 
it separated the state of rest from the state of motion. The invisibility 
of the potential wave seemed to argue with Mr. Thomson against its 
existence. Now if a hundredweight were suspended over a man's head, 
and he, looking up, saw the suspending cord suddenly cut, he would instinc- 
tively jump aside and save his life. But suppose he had reasoned that the 
hundredweight for the first one hundredth second after the cord \^as cut 
exhibited no motion and was in fact in a state of rest, because its motion 
was invisible. Then that man would probably lose his life from being 
slow to recognise the vital dynamic difference between zero speed previous 
to the cord being cut, and what Mr. Ferrier and Mr. Thomson insisted on 
calling "zero speed" the first instant following the severance of the cord. 
Mr. Thomson had the choice of alternatives. He might accept the view of 
constancy expressed by C in the formula P -h K = C ; or he might accept 
on the other hand a full power with no speed, and a full speed with no power ! 
If he elected the former, then he necessarily chose with it that potential wave 
which properly belonged to it. To set against Mr. Thomson's opinion or 
ipse dixit that the whole stream-line action against the ship at uniform 
speed was totally different from what it was against the model in the 
pendulum meter, there was the fact that the wave contour of the moders 
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water-line at the moment of vertex speed is found to be an exact scale 
copy of the real ahip'B wave contour line when mnning at the correspond- 
ing 8[)ced uniformly. And a further study of this part of the subject can 
hardly fail to convince the sceptical that from the nature of things this 
result in similarity of wave-line action was not only possible but quit* 
inevitable. 

It was natural for Mr. Ferrier to take the circumferential rather 
that! the dynamic measure of the mean speed of a cycloidal pendulum. 
And, having discovered that the mean circumferential speed was to the 
vertex speed as 1 to 1'57, it was natural, though a little rash, to conclude 
that the paper, which gave the mean speed as half the vertex speed, held a 
mistake in this particular. It transpired, however, that in this respect 
also the paper was strictly correct, the mean dynamic valae of the speed of 
a cycloidal pendulum being always as the tangent of the initial angle of 
amplitude. For the cycloid being the arc of quickest descent whose 
tangents were equal to their corresponding chords of quickest descent 
of the rolling circle, the tangents were at once the measures of both the 
force and of the true dynamic space of any angle of amplitude ; and 
the initial angle ivas the integral of all the angles comprised within any 
arc of amplitude. And just as the initial tangent was always = half 
its arc of semi-amplitude, so the mean speed represented by the initial 
tangent was always = half the vertex speed represented by the arc. 
(Sec Plate XX.) The remaining point in the paper which Mr. Ferrier 
prouounced incorrect and based on a fallacy was illustrated by Figs. 1, 
2, -i, 4, and 5, Plate XX., which would speak for themselves. 

On generally reviewing the statemente of Mr. Ferrier on this occasion 
study and reflection could lead to no other conviction than that he had, 
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the mean speed of that same pulse, which was enough for their purpose, 
and was indeed exactly what they wanted ; for it was even so that the 
mean, and not the maximum, ordinate of the diagram from the indi- 
cator was taken as the true power of the revolution or stroke. 

That the principles taught in this paper were in profound harmony 
with the Newtonian system would eventually be manifest to all readers of 
it. Whatever differences of view might obtain for awhile as to the proper 
theory of the pendulum meter, all who had expressed themselves seemed to 
unite for the time being in the view of the President that the curves 
yielded by this instrument would prove valuable as an absolute, and 
much needed, basis of relative resistances of models. 

It was unnecessary to refer at length in this reply to the encouraging 
and very kind observations of Mr. De Rusett and Mr. Macoll, who were 
well acquainted with the practical work of the pendulum meter, having 
for years watched with earnest interest its slow development, and helped 
the work forward by every means in their power. It was undeniable, as 
Mr. De Rusett pointed out, that with all model experiments, whether by 
the pendulum meter or other tanks, the great difficulty lay in bridging 
over the gap between effective and indicated power. There was no one 
better able to succeed in overcoming this difficulty than the shipbuilder 
or naval architect himself. But in order that he might succeed each 
shipbuilder or naval architect should have not one nor two but a con- 
siderable number of E.H.P. curves obtained by tank experiments to 
compare as a basis with the I.H.P. curves of the same ships. From 
such a basis he would be guided to a correct conclusion. 

An outline sketch of the meter is given on Plate XXI. 

To all who had by their kind attention as hearers, or by their contri- 
butions to the discussion on this paper, assisted the writer to introduce 
this subject, he desired most sincerely to express his thanks. 

The President was sure it would be their wish to accord a very 
hearty vote of thanks to Mr. Caws for the valuable paper he had read, 
and the equally valuable reply he had given to the discussion. He 
moved that a cordial vote of thanks be given to Mr. Caws. 

The motion was cordially adopted. 
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ADJOURNED DISCUSSION ON MR. WM. BELL'S PAPER 
"ON A NEW SYSTEM OF CONSTRUCTION FOR LARGE 
VESSELS OF CELLULAR TYPE." 

Mr. G. W. SiVBWRiGHT, in resuming the discussion on Mr. Wm. 
Bell's paper, said he had not had the pleasure of hearing the paper read, 
but he thought it was one of an interesting nature, and was sure it would 
create an exhaustive discussion. One of the principal objects in ship- 
building was to so design the method of construction that a large number 
of men could be put on to each job as quickly as possibly. Having had 
considerable experience in mechanical shipbuilding of one kind or other, 
he quite understood the difficulties of Mr. Bell's position to get out a 
paper that would be above criticism, or, in other words, a design perfect 
to commence with. He had made a very careful examination of the 
paper, and he thought, with the ordinary methods and machinery now in 
use in shipyards, it would not be possible to construct the design of ship 
advocated as quickly as the style now generally adopted. Many ship- 
builders have felt that in the past they have been building somewhat 
old-fashioned designed nhips, and have endeavoured to invent improve- 
ments not only in the type of ship but also in the methods of con- 
struction ; but in attempting this it ought to be considered that there 
was one important factor to be kept in view, and that was the 
economic principle of design. If they invented a design that would 
cost more to build than what they had hitherto been doing, there was 
always the fear that shipowners would not look with favour on the 
new method. There was one great difficulty in connection with new 
ideas in shipbuilding, and that was to get the register societies to tiike a 
design different from what they had been accustomed to, and this was 
more in evidence when the permission of a powerful register society like 
Lloyd's had to be obtained. For instance, he noticed in the paper on page 
221, that with the design of bottom as proposed there would be a saving 
of something like 20 per cent, in material ; he was certain of this, that a 
proposition of that kind would meet with a considerable amount of 
opposition irrespective of suitability of design. He was of opinion there 
were some difficulties in connection with the framing of the vessel which 
would run up the cost of this system of framing above the style now 
adopted. For instance, it was the practice, more especially where bulb 
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angle framing was used, to torn the frame, and the frame turners to 
take it straight down aad lay it over the keel, but with a laige frame, 
12 inches Id width, as proposed in the paper, he was afraid that after the 
frame was turned, to true the frame up again cold would be a difficult 
matter with ordinary methods ; besides, they had a costly operation in 
splitting the frame at the bottom in the way of the tank side, which would 
necessitate smithwork ; and also at the top of the frame it was proposed 
to put the frame through another operation by punching a portion off the 
inside of the frame in 'tween decks. These operations in connection with 
the framiug would mean a large number of helpers, and would take a 
considerable time to do the work. The design of floor plate, he thought, 
was not an improvement upon what they were now using. It would be 
remembered in the old nystem of cellular bottoms that small plates in the 
shape of brackets were used : this system was not found satisfiM^ry, as 
there was a difficulty to get exact workmanship, and the floor being in so 
many pieces delayed the work considerably. One of the advantages 
claimed in the proposed design was that there was less riveting, but he 
(Mr. Sivewright) had used a system of floor plates for a number of years 
that had no riveting at all, except where the floors were connected to the 
centre keelson, intercostal keelson, and tank side ; and the majority of the 
floors were all made from one template. There was one portion of the 
design he considered would be open to very grave objection, and that was 
the 3-pIy seam riveting in connection with the shell and intercostal 
keelsons ; this would be a costly job, and would require very careful 
workmanship, and it appeared to him there would be an extra amount of 
drilling where each aeam came across the frame ; besides, where the holes 
came through the 3-ply it would lead to more rimingof holes to make 
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the cost as regards labour. There was one part of the paper where it 
stated there would be a reduction of tonnage without a reduction of stow- 
age. He considered a statement of this kind wanted some further 
explanation ; for instance, they were not told where the cargo battens were 
placed in a framing of this kind ; he supposed they would be put on the 
inside of the large frames, and if so this would of course reduce the 
tonnage without affecting the bulk grain capacity ; but in a large ship 
of this description he was of opinion that in the trade she would go into, 
bulk grain would form a very small portion of her cargoes, and the pro- 
posed method instead of being an improvement, giving small tonnage 
with large cargo capacity, would act in the opposite direction, as the 
majority of Indian and American cargoes would be carried inside the 
cargo battens and main framing ; and this difficulty to stow bulky cargoes 
would be further increased by the partial bulkheads proposed to be fitted 
at intervals in the holds. There were other portions of the paper he 
would like to comment upon, but he noticed that several other speakers 
had touched on the matter, but before concluding his remarks he would 
like to state that no matter what design is got out in connection with 
mechanical shipbuilding, the great difficulties to face are the two ends of 
the ship ; if you alter the design at the ends you immediately set up a 
fresh number of difficulties and increase the complications of getting in 
material and having to set on different squads of men to those accustomed 
to the other mechanical portions of the work. This was a grave con- 
sideration in all mechanical shipbuilding, and he was much afraid there 
would have to be many special arrangements of plant to get over this 
effectually. He had come to the conclusion that successful mechanical 
shipbuilding greatly depended upon the amount of capital they were pre- 
pared to spend upon machinery plant. He hoped the discussion that had 
taken place on the paper would in no way discourage Mr. Bell, as any 
simple form of mechanical shipbuilding that would dispense with riveting 
would be a great advantage to all parties concerned. Many other ship- 
builders have been working in this direction, and he (Mr. Sivewright) 
had done as much as he could to introduce a system of sectional framing 
in connection with cold flanging, large plates, etc. 

Mr. A. McOlashan observed that the last paragraph, page 227, 
read : — " Whatever may be thought of the suggestions now submitted to 
the judgment of experts it is hoped their consideration may do good, and 
peradventure open up a road to further economic progress hitherto 
unexplored." He gathered from that that the writer, in putting forward 
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the paper, did not bo much hope that Bhipbuildei^ would adopt the 
methods of coaBtnictioD proposed in it, aa that the InBtitution wonld be 
Btimiilated by diBcusaion to farther investigation of the subject. There 
was, no doubt, a gt>od deal of unrest in both the practical and designing 
depiirtraents of shipbuilding establishments. It was well enough known 
that the old methods did not give complete E^isfaction, and since steel 
had become generally naed there were greater possibilities than there were 
when thuj had simply iron to deal with. They had much lai^r plates 
and bars of various sections at command now, and a material that conld 
be flanged and worked more severely than iron could. He thought, 
therefore, that the paper was opportnne, though, of course, it wonld be 
necessary to disagree with a good deal that was in it if one were to criticise 
it exhaustively. As an illustration of a point on which they might 
disagree, take the new form of keel introduced, aa shown on the midship 
section, and which consisted of the usual vertical plate passii^ down 
between the two bulb angles, 8 inches by 8 inches by 1| inches. Pirst 
of all, this had the usual amount of riveting in the vertical flanges, just 
as with the ordinary flanged garboard plates, then immediately alongside 
they had on each side an'additional double row of rivete. In his conclu- 
sions relating to the keel the writer said: — '"This modification will 
increase the lateral strength of the keel, remove all difficulty in secnring 
good workmanship, now considerable, and cost much less than the present 
combination of ' slabs ' and flanged plates." He (Mr. McGlashan) conld 
not understand how increasing the riveting and jointii^ all along was 
going to reduce the cost or improve the work. Again, it might be 
iiuestioned whether the introduction of so many bars of large section, 
iin;„'l(s, liulli iiii^'k'y, diaiiiielrt, etc., (.'ould Iw done ut ppL'sent n-iih itiiy 
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thing more than single riveting of the plate edges would be required to 
succour the riveting at the butts. Then they were told " a large part of 
the framing now requiring to be fiimaced would be dispensed with ; " but, 
looking round the midship section, one would fail to discover that this 
would be so; on the contrary, the furnaced work would be more difficult 
to deal with because of the larger section to be handled. There was no 
doubt that many ships had a straight body for about half their length, 
and it was possible, as was proposed, with reversible templates to prepare, 
before the framework was erected, a large number of parts ready for 
fixing in position. It was therefore desirable that there should be a 
multiplication of equal parts, which could be produced beforehand, and 
in this way a large number of men could be got to work, and more rapid 
progress made with building. While, however, ships were usually 
parallel in breadth, yet the sheer affected the height considerably 
within the half-length, and these templates would not be so easily applied 
towards the ends of the half-length. Still, he thought there was a great 
deal of possibility in the suggestion to do a large part of the work from 
interchangeable templates. A section showing a bulkhead was given in 
the paper, but he (Mr. McGlashan) thought it was too complicated to 
supersede the present method. With the arrangement shown on the 
accompanying drawing, he thought, if the brackets were sufficiently 
strengthened, the passing of the bulb angles through the bulkheads might 
be dispensed with altogether. It was done to some exteut at present. 
Indeed, many of the large vessels built on the web-frame system had no 
keelsons passing through the bulkhead between the tank side and the 
deck stringers. While they were attempting to deal with ships as they 
would with lattice bridges, they must ask what would be the effect on a 
lattice bridge if it were fully loaded and inclined to an angle of 45 degs. ? 
As ships are required to carry their loads equally in many varying and 
trying positions he thought there must be something more than mere 
strut work, even in their cellular bottoms. Notwithstanding these 
criticisms, he had derived pleasure from reading the paper, which was 
valuable in many ways and worth being discussed. 

Mr. D. Andrew said he laboured under the disadvantage of not 
being a shipbuilder, and therefore could not discuss the question of 
construction ; but there was one portion of the paper in which he was 
interested, viz., ventilation. By the means Mr. Bell described, he 
claimed he could ventilate the holds. He (Mr. Andrew) was at a loss to 
understand how his system of ventilation would accomplish that object. 
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Aa he understood it, he took hia ventUabioQ down a shaft on the bnlkhead 
at the centre of the vessel and throngh smaller Bhafta laid on the ceiling 
to each aide, and passed throngh the new Bjatem of framing. No doabt 
this would give very good ventilation to the shell of the vessel, but he 
(Mr. Andrew) failed to find wherein that it would ventilate holds or 
cargoes, snch aa grain, jute, or rice. He would like if Mr. BeU wonld 
give some further explanation in r^ard to how, by these means, he could 
ventilate cat^oes. He mentions it as a safe system of ventilation in 
bad weather, for on page 226 he says : — " As the downcast shaft at the 
bulkhead is in open commnuication with the tank well, the ventilation 
of the holds may be maintained in bad weather without danger to the 
ship or risk of damping caigo throngh a sea findii^ its way down the 
ventilator," He (Mr. Andrew) concladed from Plate XIX. that this 
pipe of Mr, Bell's was carried across on the top or ceiling of the tank and 
led into the well at the sides; but should that large ventilator ship a heavy 
Bca an enormous quantity of water would get down, which would require 
a very laige well to carry it off, and the result would be an overflow and 
damage to caigo. What they wanted was a safe ventilator in bad weather, 
one that wonld exclude the water, one that would act automatically, and 
only admit the air in the event of a heavy sea breaking on board. The 
outlet or vent would also be a source of danger. Perhaps Mr. Bell would 
give them some fm'ther information on that point. 

Mr. H. Withy said in looking at the midship section (Plate XVII.) 
it occurred to him that, with 10 inch bars and other odd sections, the 
great bulk of the material would cost something like £2 per ton extra, 
and he did not think that the method of construction proposed was any- 
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obtaining very little sympathy. A paper like the one under consideration 
might be viewed from several aspects or standpoints. The principal or 
primary objection taken to the proposed plan was, owing to its compara- 
tive saving in material, it would not be accepted or passed by the 
registry. Well, that was an objection good enough so far as it went, 
but not, in his opinion, suflScient to condemn any paper in toto. Gener- 
ally speaking, it might be borne in mind that all registry or classification 
societies were not in their nature (under existing conditions) originators, 
inventors, or leaders. All alterations, innovations, and improvements, 
came from outside, and it was generally after a severe and prolonged 
struggle that anything new or out of the conmion was approved by the 
said registries or recorders. Even Lloyd's did not at first class iron 
vessels, later steel vessels, or still later bulk oil carriers, at their first 
introduction. It was a very difficult matter to design a system of longi- 
tudinal construction which would not in some points compare unfavour- 
ably with the ordinary transverse system above the double bottom. 
Longitudinal systems of iron shipbuilding were by no means a novelty, 
as, for instance, vessels built by Scott Russell forty years ago, and more or 
less by the Admiralty in the construction of the " Warrior," " Bellerophon," 
etc., some thirty years since to the present date. Were it permissible for 
ordinary cargo or passenger purposes of the size given in the paper, and 
the scantUngs made in proportion to a Royal Navy vessel of similar size 
at the present day, a still further reduction in weight would be obtained 
than was made by the writer of the paper ; and this reduction if applied 
to reduce the large size of some of the parts would materially increase the 
probability of its being tried. Unfortunately, in sea-going vessels it was 
impracticable to adopt any modification which was best all round, so many 
considerations came into play that it eventually became a question of com- 
promise with everything in the whole structure. In Navy vessels the large 
pockets formed by webs and longitudinals were not so objectionable as on 
board merchant vessels, as internal capacity or stowage room was not of so 
much importance. Again, in any system of longitudinal construction the 
pockets would always be detrimental, not only from the space they took 
up, but also the difficulty of cleaning out thoroughly after the cargoes 
were discharged. In ordinary vessels large quantities of decayed grain, 
together with coal dust, oil cake, cotton, etc., were frequently seen in the 
frame and stringer spaces and elsewhere. Now, in a longitudinally 
constructed vessel these pockets or recesses, which became lodging-places 
for rubbish, would likely be more numerous and deeper in area than 
ordinarily, and so become more offensive than at present. Of course this 
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wonld be largely, if not entirely, obviated by having the vessel properly 
cleaned out after each cargo was delivered. The existing conditions, 
however, were not in favour of thiB being done, the tendency to despatch 
being gradually more accentuated. The writer of the paper places great 
stress and claims considerable advantage on the arrangement of ^ell 
seam attachment, whereby the seam rivets are in doable sheer, and also 
on the much easier appUcation of machine riveting to the shell rivets 
than by the nsual out-and-in system of plating. It being necessary to 
have the machine deep enough in the gap to stride one Btrake only ; also 
the shell packing was saved which ought to give sounder riveting to the 
frames, there being no ontside strakes. This edge-to-edge system of 
shell plating had been adopted in some vessels in the Atlantic trade 
having all the shell plates on the frames, and the seam straps were 
increased in the middle part of the vessel in some cases at the bUge, and 
then the seam straps were extended in width nntil the shell was entirely 
doubled, and so made a strong and substantial piece of work. His own 
impression was, however, that it was not quite the cheapest method of 
fitting the shell plating. He agreed with the remarks that had been 
made about the difficulty there wonld be in fitting the shell seams on the 
6 inch flange of the longitudinal. But it was a very easy matter to 
increase the width of this flange and also the outside seam strap to 
correspond, and this would also enable the seams to be made straight for 
the length of each respective plate, so that the edges would be dressed 
by the phmer, and by having close and well-fltted seams the structure 
would be materially stronger and lessen the strain on the rivets. With 
regard to the proposed ventilation, his impression was the writer of the 
paper iutended this arrangement qnite as much for the purpose of venti- 




DISCUSSION— LARGE VESSELS OF CELLULAR TYPE. 253 

being convinced of this had expended a considerable amount of time and 
labour in arranging the proposals he had put forth before them, and it 
went to show it was not quite so easy to introduce important alterations 
in the present system of shipbuilding as some were inclined to think. To 
obtain something new, simpler, more effective, and more economical than 
in use at present was very desirable, and he thought they should welcome 
all attempts in this direction ; and the field was still open for intrepid 
investigators. 

Mr. Geo. N. Arnison, Jun., said it was no doubt difficult to take part 
in the discussion without adding to the adverse criticism of the proposed 
new system of construction for large vessels of cellular type. There was, 
however, at least one feature in the new form of keel that was commend- 
able, viz., that there were only three thicknesses requiring riveting as 
against five thicknesses in the keel shown on Plate XYI. It also 
appeared to him (Mr. Amison) that Mr. Sivewright was probably some- 
what too severe in his reference to stowage. In the paper it was not 
claimed that there was increased stowage, but that "the register tonnage 
is reduced without reduction of stowage capacity, and the cost of dunnage 
and stevedoring is lessened." If the midship sections in Plates XVI. and 
XVII. were compared it would be seen that in the former the three side 
stringers, by projecting inside the framing, considerably interfered with 
the stowage of bulky cargo, and he thought that even Mr. Sivewi'ight 
would on further consideration admit that in this respect there was an 
advantage in Mr. BelPs proposed method of construction. The last 
speaker (Mr. Macoll), when referring to the external longitudinal straps, 
proposed to be fitted to connect the strakes of shell plating, very properly 
pointed out that single riveting appeared to be insufficient, and that in 
Atlantic steamers, when the shell plating had been fitted in a similar 
manner, there had been a complete doubling of the plating by means of 
the connecting outside strakes. This statement was correct so far as con- 
cerned the upper and main sheer strakes, the upper side and bilge plating, 
but elsewhere he (Mr. Amison) knew that in the largest steamer with its 
shell plating so arranged that the outside strakes were of only sufficient 
width to take three rows of rivets on each side of the longitudinal edges 
of the inside.strakes. Care was taken that the planed edges of the inside 
strakes should fit close at the longitudinal edges, so as to relieve the rivets 
from undue strain. Although in Mr. Bell's proposed arrangement of 
framing the transverse frames were spaced further apart, yet it could not 
be said to approach a longitudinal system of framing ; for in the bottom 
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there was a great lack of longitudinal strength, as from the central keelson 
to the tank side plates there was no continnoas attachment uniting the 
inner and outer bottoms, and all the longitadinal intercoatal plates stopped 
at the vertical frames. He (Mr. AmiBon) could not E^ree with a previous 
speaker (Mr. McGlashan) that the stringers and keelsona might stop at 
the bulkheads instead of being carried through them ; such a si^geetion 
was to revert to the practice of a quarter of a century ^o. He had seen 
the evUa of centre aud bilge keelsons not being carried through engine 
and boiler room bulkheads, and knew something of the expense incurred 
in endeavouring to overcome the original defective construction. Eevert- 
ii^ to Mr. Bell's paper, Mr. AmiBou remarked that under the head of 
beams, that the author proposed " to assist the bulkheads and to compen- 
sate for the absence of beam knees, it is proposed to fit one or more strong 
partial bulkheads in each bold between the present transverse bulkheads." 
Seeing that the beam knees are proposed to be omitted because they 
" break up stowage," would not the remedy be worse than the diBcaae, as 
partial bulkheads seriously interfere with stowage and only in a lesser 
degree than web frames, if wider spaced ? In condading, he (Mr. Amison) 
concurred with those who had objected to S-ply riveting, and agreed 
generally with the remarks of Mr. Sivewright and others as to the practical 
disadvantages of the proposed departure. 

Mr. McGla8hak wished to explain in r^ard to the remarks of the 
last speaker, who said he " could not agree with a previous speaker that 
the stringers and keelsons might stop at the bulkheads." He (Mr. 
McGlashan) might tell him of ships 360 to 880 feet in lei^h which had 
no side stringers such ae shown on this midship section carried through 
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otherwifle. He would like to see a system of ventilation elaborated and 
carried out in a more workmanlike manner than it appeared to be, 
though he thought it a step in the right direction. 

The President thought Mr. Bell had rather spoiled his own case by 
the insufficiency of the plans submitted. They had midship section plans 
only, without sheer plan and no detail of the bottom of the vessel, which 
left them practically with very little to work upon, so for as the ends of 
the ship were concerned. On the section there were seven of intercostals, 
and he (the President) would rather like to see how these finished at the 
ends of the ship. It appeared that Mr. Bell had a model, but it had not 
been sent to the meeting ; had this been done it would have allowed them 
to understand the matter better. He thought, with Mr. McGlashan, that 
these were the sort of papers they wanted. If the papers were perfect 
they would not be worth discussing. Mr. Bell would probably have 
bettered his case had he left the subject of ventilation alone, and dealt 
only with the method of shipbuilding. The matter of ventilation could 
have been discussed afterwards, because the impression they got from this 
midship section was that it was all ventilation. If they took this section 
and sent it up to Lloyd's, the first question would be the area of the 
lightening holes through the bottom, which were shown to be about 
double what they were in the ordinary ship. The attachment of the 
ordinary keelson seemed to be practically nil, and the same applied to 
the tank flange plates. The frame there and the connection was, he 
thought, very weak. There was no doubt that some things were as old 
as Noah's ark, but the question was — ^was there anything new ? They 
had so many new ideas started, and eventually found that they had been 
in existence before. He thought there were periodic changes which 
people adapted themselves to. It would seem as if they got tired of a 
style of building and they wanted something new ; well, someone study- 
ing this paper might hit upon something newer and even more workable. 
He thought Mr. Bell deserved every credit for the way he had formulated 
his new plan ; but if he had given them fuller drawings he would have 
helped his case more than by submitting to them only two or three 
sections, and confusing the matter with the question of ventilation. 

The Secretart said Mr. Bell might be able to come to their next 
meeting to make his reply and bring his model with him. 

The President — It would be much better for the Tnnisadions if he 
could give them some more detailed plans. 
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By WILLIAM STAFFORD. 



[Read befobb the Ivstitotion, in West Habilepool, on Satubday, 

Mabch 17th, 1894.] 



The value of oil as a means of producing motive power has long 
been understood and appreciated, and many and various attempts have 
been made to employ it in an effective and economical manner. For 
this purpose a great amount of ingenuity has been expended in perfecting 
systems in which the oil was used as a fuel in lieu of coal, some of which 
are still in existence and are said to be doing very well. 

Again, it has been used as a vapour to drive the piston instead of 
steam. Used in this way it is pumped from the supply tank into a 
heated coil called the generator. There it is heated and converted into 
vapour and turned on to the engine instead of steam ; the exhaust is led 
into a condenser, where it is restored to a liquid form, thence it is 
pumped back to the supply tank, from there to the generator, where it is 
re-evaporated and used over and over again. 

The oil engine under consideration, however, differs from both these 
systems in being an internal combustion engine, into the cylinder of 
which the oil (having first been converted into vapour) is introduced, 
mixed with a sufficient quantity of air, and there exploded, the impact of 
the explosion acting directly on the end of the piston, thus producing 
motion. 

Engines of this class — that is, internal combustion engines — un- 
doubtedly have a great advantage over other engines, in that the whole of 
the products of combustion, and the whole of the heat contained in the 
fuel, is generated and developed in the working cylinder itself, and in 
direct contact with the piston to be driven, instead of the heat contained 
in the fuel being merely transmitted through the plates of a furnace or 
combustion chamber, or through the thickness of a set of tubes. 

Many systems for using oil as a motive power in this way have been 
tried and patented in years gone by. To go back into ancient history 
and describe these is no part of this paper, but rather to consider a few 
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of the beet koown enginee of thm claae of bo-day in Bnch a way as to add 
to our collective knowledge of the subject, and, by initiating a digcnasioD, 
to add at least some contribution to the many very valuable papers, read 
before this Institution, on almost every branch of engineering except the 
one before ns. 

Amoi^st the beat known oil engines of to-day may be mentioned the 
" Priestman," the " Crosaley Brothere," the " Homflby-Akroyd," and the 
" Rocket," 

The writer will give a brief description of each in the order in which 
thuy have been named, along with such reliable data as he has been able 
to obtain in connection with each. 

To Messrs. Prieatnmn Brothers, perhaps, belongs the credit of having 
first improved the oil engine to such a degree eu to render it capable of 
working successfiilly with a heavy and safe oil. 

The Pkibsthan Oil Enoinb. 
Oenerally speaking, the Priestman oil engine is similar in form to the 
oil engine shown in Plates XXII, and XXIII. ; only instead of the stone 
foundation, a cast iron tank extends the full length of the engine, one part 
of which is used as a supply tank for the oU used, and the other part as a 
cistern, containing the water which is circnlated round the cylinder jacket 
by a small pump for coolii^ purposes. In some of these engines the 
wat«r is circulated by gravitation from a tank. A small hand pnmp is 
fitted in connection with the oil tank to pnt an initial air pressure on the 
oil, this pressure being maintained aft«r the engine is started by an air 
pump on the engine, driven from an eccentric, as the oil and air neces- 
sary for combustion is put into the vaporizer midcr pressure. 
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into the cylinder, there it is compressed by the return stroke of the 
piston, is then fired by an electric spark, and, exploding, drives the piston 
on another ont stroke, then is expelled through the exhaust valve as the 
piston returns, the cycle being the same as in the gas engine viz., the 
four cycle movement. 

To start the engine the oil tank is put under pressure by the hand 
pump, and the lamp lit under the vaporizer ; when this vaporizer is hot 
enough the cock is opened to admit oil and air to it, the fly-wheel is 
then turned a few times, a charge of explosive mixture enters the cylin- 
der, and, being compressed by the backward stroke of the piston, is 
ignited by the electric spark, an explosion takes place and the engine 
starts. These engines have been very extensively applied. Professor 
Unwin, who made some experiments with one of these engines, gives the 
following as some of the results obtained by him : — 



Tbial I. 

Mean effective brake load 

JuC&U 8p6Qu«*« -■■ ••• ••• ■•• 

Mean effective pressure in cylinder 

^3* EX«Jl • ■•• ■•• ••• ••• ••• 

X«X1 • K9 ••• ••• ••! ••• ••• 

£n^ne friction 

Mechanical efficiency 

Oil used per hour 

„ „ B.H.P. per hour 

„ I.H.P. per hour 



»» 



Tbial II. 



Mean effective brake load 

ju&ean speeu. •• ••• ••• ••• 

Mean effective pressure in cylinder 

^•Ju.«Jl. ••• •.* ••• ••• 

JL.X1.Jl. ••• ••• ••• 

En^ne friction 

Mechanical efficiency 

Oil used per hour 

„ „ B.H.P. per hour ... 

„ „ I.H.P. per hour 



73-64 lbs. 

207*73 revolutions per minute. 
41*38 lbs. per square inch. 
6-766 
7-408 
•643 H.P. 
•91 

6-4 lbs. 
•946 lbs. 
•864 lbs. 



38-2 lbs. 

214*29 revolutions per minute. 
25*48 lbs. per square inch. 
3*62 
4-706 

1086 H.P. 
769 
6 lbs. 
1^381 lbs. 
1-063 lbs. 



The electric spark for ignition is obtained from a bichromate battery 
and induction ooil. 

The Crossley Bros. Oil Engine. 

This engine is very similar to the Priestman, having its store of oil 
in a tank in the foundation, whence it is delivered by a pump to the 
vaporizer^ also under pressure, the charges of oil being regulated by a 



260 OIL BNOINES. 

goveraor; unlike tlie Prieetman, however, the firing of the char^ is 
effected by an ignition tube heated by a blowing arrangement and oil 
flame, worked from the afore-mentioned pnmp. 

The specification of this engine mentions a timing valve, but aa this 
is not clearly ahown the writer cannot describe it. 

These engines have also been applied for varions pnrposea, and the 
makers claim for them great efficiency and economy. 

The Hoensby-Akboyd Oil Engine. 

This engine is of somewhat similar appearance to those already 
described. It has the two valves at the end of the <7linder, as in the 
Priestman engine, with this difference, that both these valves are opened 
by levers, actuated by cams from a counter-shaft driven from the crank- 
shaft by bevel wheels ; it also differs Irom both the previous engines in 
the firing of the charge, the vaporizer is heated in the nsaal way by a 
lamp to get the engine started, after which the makers claim that the 
vaporizer is kept at a sufficient heat by the explosions which take plaoc 
in it to fire the sncceeding chaises. 

The oil in this ei^ine is also forced into the vaporizer by a pump, 
and the speed of the engine regulated by a Porter governor, controlling 
the oil supply to the vaporizer. These engines are also in extensive use. 

The Rocket Oil Engine. 

This engine, though similar in many respects to those already described, 
has some very important points of difference ; it is precisely similar in so 
far as it works on the well-known four cycle system, and in having its 
cylinder and explosion chamber surrounded by a water jacket, the water 
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explosive gas from the vaporizer through this valve. As the piston gets 
to the end of its stroke the valves close, and the piston returns and 
compresses its imprisoned charge ; having arrived at the end of its com- 
pression stroke, the timing valve H (Plates XXIII. and XXVII.) opens, 
and the charge is fired by the porcelain tube J (Plate XXVI I.), and the 
explosion drives the piston on its second outward stroke, the exhaust 
gases being expelled through the exhaust valve K (Plates XXIII. and 
XXVI.), which is opened by its cam at the proper moment and the cycle 
is complete. 1st, suction, drawing in the charge ; 2nd, compression ; 
3rd, explosion ; 4th, exhaust or expulsion. A third graduated air valve is 
placed at F to allow of an extra supply of air being admitted after the 
engine has been started, this makes a richer gas and thus economises oil. 

One great point of difference between this and other oil engines is 
that in this the whole of the air and oil admissions are under separate and 
perfect independent control, so that any change of temperature or atmos- 
pheric conditions can at once be compensated for, by regulating the supply 
of air, giving a little more or little less as circumstances may demand. 
This is a very important point in an oil engine, where the quantity of air 
requisite to form with the oil gas an explosive mixture, depends very much 
upon the temperature and other atmospheric conditions. Another very 
important point of difference is that in this engine there are no force 
pumps, indeed no pumps at all. This is an undoubted step in the right 
direction, as casualties have occurred from oil tanks bursting under 
pressure from these pumps ; the whole of the air and oil in the Rocket 
engine is drawn from the tank and through the vaporizer and valves 
by the piston on its outward stroke. 

Yet another very important advantage is the addition of the timing 
valve ; this valve is worked from its own cam, and, being only opened 
at the proper time, ensures the explosion taking place at the right moment, 
just after the crank has got over the dead centre, this ensures absolute 
positive action, and obviates any trouble or uncertainty in the starting of 
the engine. 

The starting of this engine is very similar to the others described, 
except there is no pressure put on by force pumps ; the vaporizer is 
warmed up by the lamp, and, after a few turns of the fly-wheel, the valves 
admitting oil and air having been opened, the piston draws in a charge, 
compresses it, it is fired and explodes, and the engine is started ; this can 
be done in from six to fifteen minutes according to the temperature. 

This engine has been used for a variety of purposes — pumping, hoisting, 
driving the machinery in fitting shops, and in electric lighting, etc.; it is 
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to be employed also for boring out the Btem posts in a large shipyard, as 
well as for drilling, etc., on board ship during the fitting of machineiy. 

The following are some of the results of trials of these engines in the 
makers' yard and in actnal work : — 

2 N.H.P. Enoihe Tbibd in MAZsaa' Yard. 

So. I. No. 1 

Mean effecUre brake load (Iba.) ... 60 

Revolutjoos per minute 224 

Heaa prewure Id cjlinder (Iba.) ... 46 

B.H.P 2-6 

I.H.P 846 

Engine friction '86 

Mechaaical efflciencj "76 

Oil used per hour (pinta) 2-9 

„ B.H.P. per hour (pints) 1115 

„ I.H.P. „ „ -838 

Qnalitjofcnl Royal Daylight. , 

Price per gallon 5d. 

Coat pcF B.H.P. per hour -72d. 



1 3 



S.P. Enoinb Tbibd in Haxbbb' Yabs. 



Mean effective brake load (Iha.) ... 
Revoliitioug per minute ... 
Mean preuure in ojliuder (lbs.) ... 

B.H.P. 

I.H.P. 

Engine friction 

Mechanical ettciency 

Oil used per hour (pints) 

„ „ B.H.P. per hour (pints) 
.. I.H.P. „ 
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£ 8. d. 


Cost of engine, dynamo, wiring, etc. 


*•• ••• 


145 


7^ per cent, interest on above 


£10 17 6 




Lamp renewals, etc 


4 





263 



d. 
Paraffin — 2 pints per hour, at 5d. per gallon ... 1*26 

£14 178. 6d. -r- 1,660 light hours 215 



14 17 6 



Total cost in pence per hour 3*4 

Total number of 16 candle-power lamps — 17. 

—^jr- = •2d. per lamp per hour. 

8*4 
r^ =^ = *0125 per candle-power per hour. 

That is less than Jd. an hour for each 16 candle-power lamp, or 80 
candle-power per hour for Id. 

Objection is sometimes taken to oil engines on the ground that the 
exhaust from them is obnoxious. 

A sample of the exhaust gases was taken from one of the Rocket oil 
engines in December, 1893, by Messrs. Pattinson, the analytical chemists, 
of Newcastle, and the following is a copy of their analysis : — 

By Volume. 
Per Cent. 

Nitrogen 84*1 

Oxygen 7*2 

Hydrogen ... ... ... ... ... nil. 

Heavy hydrocarbons „ 

Marsh gas ... ... ... „ 

Carbonic acid 8*5 

Carbonic oxide 0*2 



100*0 

From this analysis it will be seen that the combustion is of such a 
nature that the deleterious gases left are a very small fraction indeed ; 
but should it be intended to place the engine in any confined situation, 
where even this small fraction would be objectionable, then a patent 
scrubber is supplied, through which the exhaust is conducted, and which 
effectually precipitates the obnoxious gases, and passes them off in a 
perfectly harmless state. 

The petroleum oils used for these engines, while varying in quality, 
must all be safe oils — ^that is, not easily inflammable— otherwise the 
danger attending their use, and the restrictions placed upon the handling 
and storing of inflammable and highly-explosive oils are such as would 
render the oil engine practically valueless. As the engines are designed, 
however, they work well with oils of such great specific gravity and high 
flashing point as to render them perfectly safe and free from vexatious 
restrictions. 
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The oils mOBt commonly need are : — 







jnubi 














D,^¥. 






■822 


86 


_ 


Ordinary petrolenni 


-802 


162 




New York fuel oil 


■818 


218 




Ordinary lamp oil 


■8 


100 




Common petroleum, inclntog heovy Scotch oil 


-82 


150 




















Tea Rose 




76 




Water White 


-re 


108 




Bojftl DayUght 






~ 



These are all safe oils, and in comuon with RDSBoIene, Boj«l D«jlight, and other 
oils of that cisaa maj be obtained in an; qnantitj and at anj part of the civilised 



COHPABIBON 07 COHT OV WOBEWQ VITH COAb, QAB, AMD Oil. 

Taking coal at lEe. per ton = -OSd. per lb., 

„ gas at 2a. per 1,000 '- -OZiA. per cubic foot, 
and „ cnl at 5d. per gallon ' '625d. per pint. 

Then the relative economj is as follows : — 





Largo condensing atcam engine 


,.,,H.,.„,.„. 


,„„„..„ 






SfKS" 


Ponoe. 


SfW 


Pawe. 






2 lbs. 


■16 


2^ lbs. 


■18 




^H 
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on other work at least 7 hours out of 9 ; this, added to the cost of oil, 
makes a total cost of only 6*6d. per hour, or little more than half the 
cost of the steam engine of the same power. 

The greafadvantages of the oil engine, however, are that it requires 
no boiler, very little attention, can be moved easily and set down any- 
where in the works or elsewhere to drive any special machine ; it can be 
readily started, and when stopped no consumption is going on ; the fuel 
for it is easily obtainable anywhere ; there is no smoke, and no ashes or 
reftise to cart away. These, with other advantages, combine to recom- 
mend the oil engine to small power users as the best motor extant for 
their purposes. 

The indicator cards (Plate XXVIII.) are correct copies of those taken 
on the trials in the maker's yard aheady alluded to. 

In conclusion, the writer desires to express his thanks to Messrs. 
Priestman Brothers, Messrs. Crossley Brothers, Messrs. Homsby & Sons, 
Limited, and Messrs. Robert Stephenson & Co., Limited, for their kind- 
ness in placing at his disposal the data and opportunities of obtaining the 
same, which he has used for the purposes of this paper. 



DISCUSSION. 

Mr. G. W. SiVBWKiOHT, in opening the discussion, said he was pleased 
to welcome a paper of this description. He thought it was highly desir- 
able they should have as much information as possible upon oil engines, 
as he was afraid many of the manufacturers in this part of the country 
had not had much experience with these kinds of motors. He had 
examined one oil engine and was pleased with the ingenious manner in 
which the whole thing was worked, but the electric battery for igniting 
the vapour appeared to him to be objectionable, and he was glad to learn 
in one of the engines commented on in the paper they had been able to 
get over this. In connection with the comparisons of costs in working 
these engines, they look very economical on the first statement, but he 
would like to know if there was any trouble in connection with the clean- 
ing of these engines ? He had had considerable experience with patent 
lights worked by heavy petroleum oils, and although the makers of these 
lights quoted the low cost per hour each light could be burnt, yet the 
cleaning of the lamps was most expensive ; and if the cleaning was put on 
to the cost of the actual consumption of oil, instead of these lamps being 
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cheap titej were realty dear, afl the reaidiie from the oD wbs so difficult 
to get out of the bmneis. Tbej were told there was littk or no smoke 
from the eshaiut gaaea of these enginea, and from an examination of the 
analjEes there aeemed to be littJe or no residiie ; bnt what he (Mr. Sive- 
wrigbt) wonld like to know, if there was no rcsidae from the smoke or 
gases, was it left in the ei^ne, and if soch was the case wfHild the 
engine require to be frequently ckaned oat ? As far as he nnderstood, 
the engine had not been made of anj big power j^ and he hoped befcffe 
the diacQBsion ended that some of the gas engine maken wonld compare 
the coet of working with the oil engine& He noticed from time to time 
that small motors, more espedaDy with launches, etc^ with oil engines 
were doing good work, and be was of opinion that,forsmaIl motors where 
coal and gas were difficult to get, the oil engine was reallj filling a very 
useful purpose. 

Mr. D, AiTDBSW said he had listened with pleasure to the paper on oil 
engines, and be agreed that it wae a anbject which ought to open up a 
great amount of dtacosdon. He thought it would be too much to enter 
fully upon it that night. There waa one thing in the paper he should 
like Mr, Stafford to clear up, that was the mode of r^ulating the speed. 
There was nothing mentioned about driving it fast or slow aa might be 
required. Also, he should like Mr. Stafford to show to what speed the 
engine could be driven, what were the number of revolutions, could it be 
attached direct to a centrifugal pump or ventilating fan, or anything 
requiring to be driven at a great speed without the aid of belte to get up 
the speed ? 
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Mr. H. Withy was very much obliged to Mr. Stafford for bringing 
forward this paper. The writer stated the engines were useful to users 
of small power. Now, he fancied very few of those present had to do 
with small powers, and if large powers had been dealt with they would 
have been more ready to discuss it. He would like a little information. 
" A third valve, a graduated air valve," was mentioned. He did not quite 
understand whether it was put there for use in different states of the 
atmosphere, ».«., different heights of the barometer. It was diflScult to 
see for what purpose an extra amount of air was allowed. How could it 
make a richer gas ? Then with regard to starting the engine, the writer 
said it took from six to fifteen minutes ; he imagined an ordinary ship- 
yard man would take a hammer to it if he could not start it in less time 
than that. He could not see why, after the explosion had taken place, 
10 per cent, of oxygen was left. Would not all the oxygen be consumed ? 
The question of cleaning was a very important one. There were a great 
many valves about it. In the hands of a man who did not understand 
it, he should think these might be very difficult to work. Apparently 
no economy was claimed over the gas engine, they had therefore to think 
whether a gas engine was more suitable or more easily worked than an 
oil engine. From the paper he should take it that the advantage would 
be in favour of the gas engine. The writer spoke of a man working two 
hours out of the nine at the engine. They did not find that the gas 
engine required nearly so much attention as this. 

The further discussion of the paper was adjourned. 
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Ton OF Teasks to ths Pbcbidknt. 
Aid. T, B10HA.BD8OK, J.P., said in reBponse to what he knew to be 
the nDanimonB wish of the Hartlepool members of that Institation, he 
rentnred to trespasB npoo the time of the meeting for a few moments and 
propOBe a cordial vote of thanks to their worthy President. Ur. Fother- 
gill had hoped to be preset, and he could have spoken more of the 
foeling that prompted this motion, bnt no one conld have greater pleagnre 
in doing it than he had. He did not presnme to speak on behalf of the 
members of the Institation, as this would be done on a more Boitable 
occasion, but in proposing this vote he desired on behalf of the Hartlepool 
members to place on record their appreciation of the great attention 
which the President had pftid to the me^Jngs of the Institation held in 
Hartle^Kwl dnring his term of office, and the uniform courtesy with which 
he had always treated them ; and his sncceesor would find it no easy task 
to excel him in that respect. 

Mr. H. WiTHT seconded the vote of tihanks. He was not, he said, a 
good hand at paying compliments, and pertiaps Aid. Richardson had said 
as mnch as was necessary in that way. He, however, heartily endorsed 
his remarks. The Hartlepool members did feel that the President had 
paid more attention to the meetings at Hartlepool than, perhaps, some of 
the Past- Presidents, and they were exceedingly grateful to him for it, and 
also to the members from Newcastle and Sunderland who took the trouble 
to come to HartlepooL 

The resolution was adopted by acclamation. 

The President said the hearty manner with which they had received 
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" MERCANTILE MARINE ENGINEERS." 

Reply to the Mabine Department op the Board op Trade. 

In aocordance with the resolution passed at a Special General Meet- 
ing of the Institution held in Newcastle-upon-Tyne, on January 30th, 
1894 (see page 202) the following letter was sent by the Council to the 
Marine Department of the Board of Trade : — 

Newcastle-upon-Tyne, 

Ajwil 1th, 1894. 

To the Assistant Secretary, 

Board of Trade (Marine Department), 

Whitehall Gardens, London, S.W. 

Sir, 

In reference to your letter of the 19th October, 1893, inviting 
observations by the members of this Institution upon a letter received 
by your Board from the Institution of Marine Engineers, London, 
recommending certain alterations to the Board of Trade present regula- 
tions relating to marine engineers. 

We beg to inform you that the subject-matter contained in the letter 
of the Institution of Marine Engineers was discussed at length by this 
Institution in General Meeting, the discussion lasting over several nights. 
The Council of this Institution desires to offer the following observations 
as embodying the opinions of the majority : — 

1. — Every person who presents himself for the first time at a shipping 
office to sign articles as junior or assistant engineer shall prove to the 
satisfaction of the shipping master, by documentary evidence, that he 
has served a five years' apprenticeship \or not less than three years'" 
apprenticeship and two years as improver or journeyman'] on the making 
or repairing of engines (not necessarily marine), and that during at least 
two years of such services he shall have been engaged at " erecting " or 
" fitting," or " working on board steamers at the propelling machinery ; " 
and that service in the drawing office shall count full time. 

2. — That a third class certificate should be granted, but it is desirable 
this certificate should not be compulsory to all engineers. 

3. — ^AU foreign-going steamships carrying four or more engineers, or 
in all steamships of 300 N.H.P. and upwards, the third engineer shall be 
a certificated engineer. 



270 



PROCKEDINQS. 



4. — A candidate for a third class certificate ahall have Berved twelve 
months at sea. 

5. — A candidate for a second class certificate shall have served two 
years at sea instead of one as at present required. 

6. — Clause (&), paragraph 35, in the Board of Trade regulations to be 
annulled. 

BoBBKT Thompson, President. 
John Ddckitt, Secretary. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 

Tenth Session, 1898-94. 



PROCEEDINGS. 



SEVENTH GENERAL MEETING OP THE SESSION, HELD IN THE 
LECTURE HALL OP THE SUBSCRIPTION LITERARY SOCIETY, 
SUNDERLAND, ON WEDNESDAY EVENING, APRIL 11th, 1894. 



ROBERT THOMPSON, Esq., J.P., Pbbsidrnt, ik thb Chaib. 



The Sbobetaby read the minutes of the last General Meeting, held 
in West Hartlepool, on March 17th, 1894, which were approved by the 
members present, and signed by the President. 



VISIT TO THE CONSETT IRONWORKS. 

The President, in calling upon the Secretary to read a letter 
received from Messrs. The Oonsett Iron Company, took the opportunity 
to express regret at the death of Mr. Evans, the secretary of the com- 
pany. He had only been a few days ill and had died very suddenly. He 
(the President) thought the Secretary should express the sympathy of 
that meeting with the members of Mr. Evans's family in acknowledging 
the invitation of the company. 

The Secretary read the following communication : — 

CoNBBTT Iron Comfant, Limited, 

BlACKHILL, Co. DUBHAM, 

Robert Thompion, Eiq., March 16f A, 1894. 

North Sands Shipbuilding Yard, 
Sunderland. 
Dbab Sib, — Mr. Jenkins has handed me yonr letter to him of the 10th inst., in 
which yon convey the desire of the North-East Coast Institution of Engineers and 
Shipbuilders to visit Consett during the coming summer. 
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I rerj mnch regret thftt in bia present impaired state of health Hr. Jenkins does 
not feel eqnSil to taking np this matter with jon himself, bat it f^ives me great plea- 
sure, on his behalf and on the part of the Consett Iron Coiopany, lo assare joa tbtit 
they full; appredate the compliment paid by the Nartb-East Coast Institation in 
desiring to come to Consett in order to inspect the works, and in cordially inviting 
them to do so, and, should the; decide to make this visit, the ntmost endeavoars of 
the officials of the company will he pnt forth to render it interesting and agreeable. 

So far as we at present view the matter we have no very decided preference as 
regards the time which would be conveniqat. Frohably somewhere about July would 
be found to be snilable, but perhaps this might be left for arrangement later on. 

Meantime, if there is any other information which I can afford yon kindly com- 
mand mj services. 

Beh'ere me, dear Sir, 

Yours faithfully. 

For Consett Iron Co., Limited, 

Obo. Aihbwobth. 

The Secketart (Mr. Dnckitt) said he had been to Coneett and had 
aeen Mr. Aineworth, and although they did not arrange definitely, it was 
agreed that if nothing occurred to alter it the viait shonld be made on 
or about the second Thursday in July. He might say that by command 
of the Council be had written accepting the invitation and thanking Uie 
company for it. 



THE BOARD OP TRADE AND MARINE ENGINEERS. 

The President said he had to inform the meeting that a reply had 

been sent to the Board of Trade with reference to the circular respecting 

marine engineers. It wonid be remembered that after the matter had 

been discussed in Newcastle it was resolved that the Council draw np a 
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NOMINATIONS FOB THE COUNCIL. 

The President stated that, in accordance with Article X. of the 
Constitution, the following gentlemen would retire from the Council : — 
President — Mr. Robert Thompson ; Vice-Presidents — Messrs. J. R. 
Fothergill, John Price, and John Tweedy ; Council — Messrs. H. Macoll, 
D. B. Morison, J. W. Reed, M. Sandison, and Prof. R. L. Weighton, 
M.A.; Hon. Treasurer — Mr. G. E. Macarthy. 

In accordance with Bye-Law 11, the President, on behalf of the 
Council, nominated the following gentlemen, to be balloted for, to fill up 
the vacancies : — President — Alderman Thos. Richardson (Hartlepool) ; 
Vice-Presidents (three to be elected) — Messrs. J. R. Fothergill, H. 
Macoll, D. B. Morison, and Prof. R. L. Weighton, M.A. ; Council (five 
to be elected) — Messrs. P. Phorson, 6. Renwick (Associate), H. Rowell, 
A. 6. Schaeflfer, 6. W. Sivewright, and J. E. Stoddart ; Hon. Treasurer 
—Mr. G. E. Macarthy. 

Mr. A. G. Schaeffer nominated Mr. J. M. Rennoldson (South 
Shields) for the Council, and there being no other nominations the list 
was closed. 

The Secretary expressed the hope that members would not neglect 
to send in their ballot papers. Some 800 were generally sent out, and 
they only got back from 120 to 150. 



Mr. W. Bell's reply to the discussion on his paper, "On a New 
System of Construction for Large Vessels of Cellular Type," was taken as 
read. 

Mr. W. Stafford replied to the discussion on his paper on "Oil 
Engines." 

The Secretary read a paper by Mr. Arthur Liddell on " Bases for 
Classification of Vessels Proportioned to their Strength to Resist Bending 
and Vibration." 
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MR. WM. BELL'S REPLY TO THE DISCUSSION ON HIS 
PAPER " ON A NEW SYSTEM OF CONSTRUCTION FOR 
LARGE VESSELS OF CELLULAR TYPE." 

Mr. Wm. Bell (Liverpool) sent the following reply to the discussion 
on his paper : — 

In venturing to submit his system of construction to the judgment of 
the great North-East Coast Institution, the author expected adverse criti- 
cism, but was not prepared for the chorus of disapproval provoked by his 
temerity. To quote Mr. Macoll, he had been fired at from all du-ections, 
and even denied his claim to originality in the suggested modifications. 
An attempt to stem such a torrent would require more time than the 
author is able to afford, and he can only deal with a few of the principal 
objections. 

Mr. Millar opens fire, and gives the range to succeeding marksmen in 
a speech of great comprehensiveness, hitting everything and missing 
nothing except the two points of the greatest importance, viz., the ques- 
tion of improving our present system of templating and manipulation and 
the question of reducing the riveting by making one rivet do the work of 
two or three. He begins by stating that " Lloyd's might object seriously 
to several of his (the author's) proposals." This is true, but he adds 
" that several of them have been carried out in vessels now in active 
service." If this is so, the practicability of several of these proposals has 
been demonstrated, and the objection as to classification answered. Mr. 
Millar says the proposed keel is no improvement on the ordinary slab 
keel either for strength or efficiency. The distinction between strength 
and efficiency in this connection is not very clear, but letting this pass, 
the lateral strength of a slab or bar keel depends altogether on the thick- 
ness of the keel plates in the throat of the flange. The thickness of the 
bulb angles in the same place would be much greater, and it is reasonable 
to assume that therefore the lateral strength would be increased. Mr. 
Millar's practical knowledge will readily enable him to perceive why 
the proposed form of keel would be cheaper than the present combination 
of slabs and flanged keel plates. Mr. Millar is unable to see how the 
register tonnage can be reduced without loss of stowage capacity, and is 
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answered by Mr. Amison, Jun. The writer would recommend M^. 
Millar to consult some practical stevedore on this question befote 
traversing a statement deliberately made after careful enquiry and investv- 
gation. The proposal to twist the frames at the ends instead of bevelli^^^ 
them, according to Mr. Millar, " would suit everything except the \isf0S^ 
connections." "What is to hinder the ends of the channel beams beiJ^* 
set back to stand square to the curvature of the ship's side, and 
"come in" with the twisted frame? Mr. Millar says the pro 
structure of floor has been carried out already, only "in a more eflSci* 
manner." He, however, admits that an efficient double bottom can 
constructed in the manner proposed much lighter than with ordinary 
floors, although denying the writer any credit for the suggestion. 
Mr. Millar is not satisfied with the connection of the intercostal 
on shell and tank top to the T struts on the floors. Here he t 
three \ rivets at each end of the vertical flanges of the interoosi 
insufficient. Let him look at the section (Plate XVI.), and he ¥rill 
that in place of three \ rivets at top and bottom, making six rivets in 
the same attachment of intercostal to floor is effected by five | 
rivets. The system of templating and multiplication of interchangeai 
parts, which the writer considered of great practical importance, and 
at some pains to describe at length in his paper, Mr. Millar dismisses i 
sentence or two, evidently without even trying to understand it. Mr. 
next delivers himself on the rivet attachment with his usual severity 
follows: — "The riveting of the longitudinals to the main frames 
totally inadequate, even if the longitudinals had not been called upon 
do any work, but angle lugs having three rivets through the frames 
two rivets through the longitudinals could hardly be looked upon as 
efficient connection for 12 inch bars." Does Mr. Millar mean by "longi* 
dinals" the intermediate T or angle pieces forming the web of the s: 
girder ? If so, these pieces are not 12 inch but 16 inch, and fit 
between the two bulb angles forming the inner flange of the girder 
described in the author's paper. The connection of the longitudinal 
the main frame is effected by six rivets, two through the inner flange 
the frame and two on each side through the horizontal lug pieces on 
frame. Is this connection " totally inadequate ? " Let him turn ag 
to the section (Plate XVI.) and examine the connection of the enonu" 
side girders in that section with the main frame. Here the attachm^ 
consists of four rivets only, although the girders are more than twice t 
size and weight. Is this adequate in Mr. Millar's opinion 1 If so, w 
find fault with the much superior attachment in the section (Plate XVII 
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Mr. Millar thinks the writer oontradicts himself in many parts of his 
paper, but he only gives one instance, in the following quotation — '* The 
beam knees are dispensed with as being at best of doubtful structural 
use.'* " But," says Mr. Millar, " directly afterwards it was proposed " to 
fit one or more partial bulkheads in each hold to assist the bulkheads and 
compensate for the absence of beam knees. According to Mr. Millar, 
and also in Uie opinion of Mr. Muir, who follows him, this is con- 
tradictory. The writer is unable to perceive any contradiction in the 
language emjdoyed. Would it be a contradiction to say — "Life-belts 
are of doubtful value in cases of shipwreck. The main dependence 
must be on the life-boats. It is proposed to dispense with life-belts, 
but to compensate for their absence and to assist the life-boats, one 
or more suitable life-rafts will be provided?" Mr. Millar says the 
area of unstiffened {^ing is in many places much in excess of the 
ordinary arrangement, this the writer denies, and would like Mr. 
Millar to prove his assertion. Mr. Millar doubts whether shell plates 
fitted as proposed could be templated or punched any quicker or cheaper 
than in the case of ordinary overlapped plating. If the number of frames 
are reduced by one-half and there is only a single row of holes in the plate 
edges, while the seam holes serve for half the longitudinals, is it not clear 
that time and labour would be lessened in manipulation ? That one row 
of rivets in double sheer is equal to two rows in single sheer, without any 
allowance for increase in frictional reastance, has been proved by the 
experiments of Prof. Kennedy. The bulkhead arrangement is condemned 
by Mr. Millar and Mr. Muir, because " there is no vertical stiffening." 
What is the very strong air shaft amidships at each bulkhead, extending 
from tank top to deck and forming part of the bulkhead, but vertical 
stiffening, and vertical stiffening of a most effectual kind, virtually 
reducing the area requiring support by one-half. "The connections 
shown on the various plans are in most cases," Mr. Millar says, " out of 
all proportion to the sections of material proposed." In the opinion of 
the writer every separate part in his system is more efficiently connected 
than Uie same part in tiie section to Lloyd's rules. The question of rivet 
attachment need not remain in uncertainty, it admits of exact calculation 
and accurate comparison. Let Mr. Millar show by figures where any 
part of Uie structure in the section (Plate XYII.) is less efiiciently 
connected than the corresponding part in the section (Plate XYI.), 
and the author will gratefully accept the correction and acknowledge 
his mistake. The system of ventilation does not escape the blunder- 
buss of Mr. Millar. It is not a safe system, because it is possible 
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the well may be filled with water and the water may rise high enoogh 
to flow out of the pipes at the upper turn of bilge and bo damage 
cargo. Kow, surely any candid person would admit that a ventilator 
opening into a lar^ watertight receptacle fitt«d with steam pumpe is 
preferable to the same ventilator opening directly on to the cargo. Is not 
such an arrangement practically safe in bad weather? If a constant 
circulation of air can be maintained between the caigo and sides and 
decks of the vessel, will not " sweating," the main cause of damage to 
cargo, be prevented ? The opinions of experts in ventilation is entirely 
with the writer on this point. Lastly, Mr. Millar and others who follow 
him point out the difficulty and expense of procuring the heavy sections 
of material required for this system of construction, which he previonsly 
told ns has been carried out already in most particulars in existing vessels. 
But Mr. De Rusett says that his firm had no difficulty in procuring 
15 inch channel bars, and therefore it is very probable that other large 
sections may also be got with equal ease when wanted. 

Mr. Muir complains that builders have not got tools to deal with the 
sections of material introduced. This has nothing to do with the merits, 
good or had, of the proposed constructive scheme. He also imagines 
there is a contradiction between what is stated on page 221, paragraph 2, 
respecting the weakness of the floor bar, and what la said farther on of the 
stringer plate attachment — which Mr. Muir calls a similar arrangemeut. 
There is absolutely no similarity between the floor and stringer plate modi- 
fications. In the stringer plate modification the " chockbit " is merely made 
wide enough in the flange to take the row of rivets on the stringer bar, 
and so save a row, the value of the attachment remains precisely the same 
as with the scored out plate and narrow bar. The only difference being 
that the rivt'ts !i,re farther in]>oiinl imd cnfiier got at, whei'efore the writer 




DISCUSSION — LARGE VESSELS OF CEIJiULAR TYPE. 279 

without any resulting gain in strength or economy. 50 per cent, of the 
frame rivets through the shell are 3-ply, about 20 per cent, of the rivets 
on the inside shell butt straps and in overlapped butts are 8-ply. The 
rivets through the bulkhead frames are 3-ply, and in way of the keel- 
son lugs 5-ply. The keel rivets in slab keels are 5-pIy and so on. 
In none of these instances can it be said that the number of rivets 
required for fastening the parts together are reduced by the increase in 
number of plys. Therefore as it is more diflBcult to make good work with 
three or more plys than with two it may fairly be said that in these and 
all similar cases, 3-ply riveting is objectionable. But the difficulty of 
making good work is not in itself a sufficient objection to the use of 3-ply 
riveting, providing advantages arise therefrom to counterbalance the 
extra care required to secure good workmanship. It would be no argu- 
ment against the use of triple expansion engines to say they are more 
complicated and expensive to make than simple high pressure ones. Now, 
in the system of construction under review, 3-ply riveting is introduced 
for a definite and two-fold purpose, firstly, to double the efficiency of the 
seam rivets by placing them in double sheer and so make one row equal 
in strength to two rows, and, secondly, to still farther reduce the number 
of rivets required by making the seam rivets serve for attaching the side 
girders. If the rivets are counted for a given length in both sections it 
will be seen that by the means indicated, with the same pitch in both 
cases, a saving of more than 30 per cent, in the number of rivets is 
effected. 

Mr. De Rusett objects to "the unusual number of pockets for dirt 
formed by the stringers." These "pockets," it should be remembered, 
are all perforated with holes, and so would be more easily cleaned out 
than if the bottoms were solid. But let Mr. De Rusett compare the two 
sections and he will find that, in this objectionable feature, there is little to 
choose between them. In the section (Plate XVI.), in a length of 26 feet, 
there are 89 side pockets in the hold on each side, 24 inches by 9 inches 
by 6 inches, and three troughs formed by the side keelsons, each 26 feet 
by 15 inches by 6 inches, the collective cubic capacity is 45 feet. In the 
proposed section there are in the same distance 36 pockets, each 4 feet 
4 inches by 12 inches by 4 inches = 46 cubic feet, so it appears that in 
number and in collective cubic capacity the receptacles for dirt are much 
the same in both sections. 

The President says that "the joining of the plates edge to edge to be 
of any use must fit close." Why ? Do they fit close when overlapped ? 
Will not two plates connected together by a strap and rivets be as strong 
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half an inch apart as the same plates wonid be if attached hj a wider 
strap and say i feet apart P What are the inside atrakes in ordinary shell 
plating but wide straps connecting two strakes of plating, having their 
edges i or more feet a,pBSt. 

Mr. Sivewr^ht very justly obeervea that in the old system of bracketed 
floors, long since discarded, "there was a difBculty in getting exact work- 
manship, and the floor being in so many pieces delayed the work consider- 
ably. But there is an important difference between the form of floor 
proposed in the paper and tht bracket floor referred to by Hr. SiTewright. 
In the bracket system the top and bottom members of the floor girder 
' were in short pieces fitting between the bottom hingitndinals and attached 
to them by bracket plates, hence the floor had to be fitted piecemeal and 
rivet«d in place and there was very great difficnlty in keeping the bottom 
fair. Iq the proposed floor there is no snch difficnlty as the top and 
bottom members are in one pieoe and the whole floor can be completed 
and riveted before going into place like a plate floor. This was fnll; 
explained in the writer's paper. There wonld be no snch dilficulty as Mr. 
Sivewright imagines in s^ii^ 12 inch channel frames, 7 inch and 8 
inch channels are now constantly osed fbr framing by Harland & 
Wolff and other bnilders of Iwrge vessels, and tamed without the smallest 
difficnlty, indeed one of the advantages of this section in regard to 
manipulation is that, nnlike aisles or bnlb angles, it contracts eqaally 
while cooling and does not require "tming np cold," as Mr. Sivewright 
supposes. It should not be foi^otten, when reckoning np the cost of 
framing, that only one-half or leas than one-half of the side frames are 
required in this system, and that the longitudinals supplying the place of 
these frames do not need to be fumaced. The cost of producing framing 
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or nearly so, the templates can be applied with the certainty of securing 
absolute correctness. There would be no landing holes to drill or frames 
to sheer for the plate edges, and eveiything would be brought exactly to 
its place by the longitudinals. In point of fact it is the practicability of 
accurately templating the frames and longitudinals in the way and by 
the means described in his paper, that constitutes, in the writer's judg- 
ment, the most important practical advantage of his system, and it is a 
matter of keen regret that none of his critics have realised its economic 
importance. Both Mr. McGlashan and Mr. Macoll, in unison with 
other speakers, object to the single-riveted plate seams butting on the 
longitudinals, and think the connection is insufficient and the proposed 
innovation undesirable. The writer has already given what seems to him 
good reasons in favour of this arrangement, and can also quote the 
opinion of the late Prof. Jenkins in his favour, who publicly stated on 
one occasion, that so far as efficiency of connection was concerned, single- 
riveted plate edges were sufficiently strong for any vessel when the further 
attachment afforded by the frames was taken into account. But with 
single rivets in double sheer there can be no doubt whatever as to the 
sufficiency of the connection, for the strength of the joint so made is, for 
all practical purposes, much greater than an ordinary overlapped joint 
double-riveted. The correctness of this assertion may be verified at the 
testing machine, where experiment will prove that, not only is a single- 
riveted double strapped joint equal in ultimate strength to a double- 
riveted overlapped joint with rivets of the same diameter and pitch, but 
also that the point at which visible slip commences is greatly extended 
in the former case. It is stated in his paper that the true measure of 
strength in a riveted joint is its power in resisting movement, and the 
great increase in this power of resistance to movement which the double 
strapped joint has been proved to possess, justifies its use in the judgment 
of the writer. For the kind remarks and friendly criticism of Mr. Macoll 
and Mr. McGlashan the author returns his sincere thanks. He is sorry 
to find his proposals have met with so little encouragement from those 
members who have done him the honour to discuss them, but hopes that 
other members may be more successful, and may not be deterred or dis- 
couraged by the reception accorded to his paper. There can be no doubt 
that mechanical shipbuilding admits of improvement in many ways. 
The importance of the work, the value of any economic modification to 
a maritime nation like ours is incalculable, the introduction of any 
change is beset with difficulties, and rapid progress cannot be expected 
until the pressure of foreign competition compels more general attention. 
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The President had pleasure in moving that the best thanks of the 
Institution be given to Mr. Bell for the paper. Original papers of this 
kind, which provoked discussion, were the kind they liked, as they brought 
out information of a useful character, and made the meetings more 
interesting. 

The vote was duly accorded. 
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MR. WM. STAPFOED'S REPLY TO THE DISCUSSION ON 

HIS PAPER ON " OIL ENGINES." 

Mr. Wm. Stafford, replying to the discussion on his paper on " Oil 
Engines," said Mr. Sivewright mentioned the electric battery for ignition. 
This, as they would know, was applied to some of the oil engines, but, 
like Mr. Sivewright, he was not in favour of it for this reason, so many 
things in connection with it were likely to go wrong. At the starting of 
the engine, should there be any condensation or vapour about, and the 
electrodes got wet or even damp, then the sparking becomes very uncertain, 
if not impossible, while an ignition tube was certain in its action, not 
dependent on chemicals, and understood by any one who might be 
working the engine. With regard to cleaning the engines, there was no 
trouble whatever, that was if ordinary petroleum oil, such as "Royal 
Daylight," "Tea Rose," or "fiussoline," were used. Of course, if heavy 
hydrocarbons were used, such as were used in the patent lights, then 
there would undoubtedly be a considerable residuum, which would 
require careful and constant attention to keep clear of ; but the same 
might be done with the steam engine. They might oil their engine with 
such oils as would, in a very short time, gum up and score and destroy 
their working parts, therefore they did not use these oils. So with the 
oil engine, and when oils such as he had mentioned (Royal Daylight, 
etc.) were used there was very little trouble indeed. The vaporizer might 
be cleaned out once in six weeks, the valves and tubes cleaned at the 
same time, while the piston might be drawn, and the cylinder, etc., 
cleaned once in three months, certainly not oftener, the residuum being 
so small. 

Mr. Andrew said he would like to know about regulating the speed, 
and also to what speed the engine could be driven. The speed at which 
these engines were usually driven varied from 170 revolutions per minute 
in the large engines to 250 revolutions in the smaller sizes ; but these 
could be varied up to about 300 in the latter case, if necessary, and the 
larger sizes in proportion. The regulation of the speed in the engine 
with which he was best acquainted, viz., the "Rocket" oil engine, was 
accomplished by a very neat little governor at the admission end of the 
engines. This was regulated by a small screw turned by the finger and 
thumb, which released or tightened a spring controlling a finger piece 
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wliioh constituted the governor. This coald be regulated by turning the 
above-mentioned Bcrew, so that the engine would run perfectly conBtant 
down to any number of revolutions as low as about 60 per minute, of 
courae in this engine as in the steam engine, reducing t^e revolutions 
reduced the power. 

As far as r^arded fouling, Mr. Loveridge was replied to in the 
above ; but with regard to coals at 15s. per ton, this was not excessive 
nor yet unfair nhen it was considered that while the steam engine was 
debited with coal at this price, best Welsh coal was meant, and the oil 
engine at the same time was chained with best oil at 5d. per gallon. 
They could get inferior coal, so also they could get inferior oil, and when 
they could get oil as low as l|d. per gallon it was manifest that, however 
low they put the price of coal, they could not approach a reduction like 
that, BO that the balance would be in &voar of the oil engine. 

Mr. Withy did not think that many present had to do with small powers. 
He (Mr. Stafford) waa not very sure whether it would not be very much to 
the interest of large power nsers to have more small power motors in their 
works and fewer large power. For instance, in a fitting shop, instead of 
having one large engine to drive the whole of the shafting and machinery 
would it not be advisable to have two or three or four smaller engines, so 
that in case of emergency, overtime, holiday time, or when any one class of 
work was more in demand or request than another, one of these oil engines 
could be started for that particular work, and that part of the shop kept 
ruuning alone, instead of driving the whole of the shafting to get the 
required part kept running ? Moreover, in a shipyard or engine works a 
small portable engine that required no boiler and was easily moved from 
place to place was a very great acquisition for many purposes. The 
writur liad one juat now borinf^ out a atern post 22^ inches diameter in 
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supplied the air first through a very small pipe. It entered cold or at the 
same temperature as the atmosphere. The second supply was heated, 
then the third supply not according to the state of the barometer, but the 
height of the thennometer. It mixed with the gas already formed, and 
made a better explosive mixture. If the temperature was 60 degs. they 
wanted rather more cold air at that point than if the temperature was 
only 80 degs. Therefore, instead of this being an objection, they con- 
sidered it a decided advantage in favour of the engine, placing in the 
hands of the user the power to so regulate the mixture of air and gas as 
to make the best explosive mixture, and that according to the temperature 
of the atmosphere. Then Mr. Withy remarked in regard to its taking from 
six to fifteen minutes to start, that " if the ordinary mechanic could not 
get his machine started in less time than that he would take a hammer to 
it." He (Mr. Stafford) did not know the class of men Mr. Withy had, or 
if they would take a hammer to a boiler if they could not get up steam in 
less than fifteen minutes. They had precisely the same conditions, but 
instead of requiring an hour or an hour and a half to get up steam, 
they could have the vaporizer heated in fifteen minutes and the work 
went ahead. Then there was a complaint because all the oxygen was not 
consumed. Mr. Withy could not understand why 10 per cent, of the 
oxygen was left. Of course if they had complete combustion there would 
not be any left, and if they were to analyse the fumes that came out of 
the boiler chimney they would get more than 10 per cent, of oxygen. 
He did not think that was very much against the oil engine, if they could 
reduce the waste to so small a quantity as 10 per cent. Then as to the 
complaint, ** there were a great many valves about it." As he had 
explained, there were only three — one graduated for oil, and the two 
others for air. Further, it was said, '^ in the hands of an unskilled man 
they might be diflScult to work." Practically speaking, there were very 
few valves about it — one to start the engine, and one to put it into 
atmospheric condition. Again, it was said, "From the paper they 
might take it to be in favour of the gas engine." Mr. Withy was quite 
right. The comparison he (Mr. Stafford) gave between oil, gas, and 
steam was certainly to the advantage of the gas engine ; but a gas engine 
would only work if they had gas pipes leading to it, and before they had 
gas pipes they must have a gasometer ; and if they had gas pipes to move 
about a shipyard or farmyard, taking it to the field for thrashing 
purposes, etc., the economy in favour of the gas engine would quickly 
disappear. ** The writer," said Mr. Withy, " had spoken of men working 
at the engine two honrs out of the nine, and that gas engines did not 
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require so much attention." Well, like eveiTthing new, the; bad got ap 
to a certEun point. They had got as oQ engine of sach a oharacter as to 
be easily Parted hj nnskilled men, an engine they conld go to at nx 
o'clock in the morning confident that they could start work with it by 
half-past six. There was a time when they did not start exactly at 
the same hour, and sometimes not even on the same day as they were 
intended to ; but that difiicnlty had been got over. There was only one 
thing further he wotdd like to say. Wliile they conld speak with oon- 
fidence as to the capability and the nsefnlness of the oil engine for small 
powers, there was this difference between it and the steam engine ; they 
had in the oil engine only a small mai^ of power beyond what was 
given as the nominal horse-power. They could pnt down a 10 horse 
horizontal or vertical steam engine, and know if it did not do the work 
they conld increase the pressure of the boiler, or enlarge the boU^ and 
give a bi^;er fiow of steam and thus increase its effective power ; bnt 
with the oil engine that was designed to run up to a certain powor thia 
could not be done ; the power could not be materially increased. They 
may put down a 10 horse oil engine and be satisfied that it will give ont 
10 horse-power; bnt if you put it to do 16 horse-power it will stop; it 
will not do it, and yon mnst get a larger engine to replace it. This appears 
to be now the whole secret of the oil engine. Pnt it down large enough 
for the work it has to do, snpply it with any of die oils mentioned, give 
it just a little attention, and it wiU be found, as now constmotod, a steady 
and reliable motor. He thanked them for their courtesy and attention. 

The PasBiSBNT said it was not a unique thing to receive a vote of 
thanks for a paper ; but it was in Mr. Stafford's case a unique thing to 
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BASES FOR CLASSIFICATION OF VESSELS PROPORTIONED 
TO THEIR STRENGTH TO RESIST BENDING AND 
VIBRATION. 



By ARTHUR R. LIDDELL. 



[Read bbpobb the Institution, in Sunderland, on Apbil IIth, 1894.] 



The following paper on " Bases for Classification of Vessels " is not 
intended as an attack on existing classification societies. Their methods 
and practice are, however, inseparably connected with the subject, and 
reference wDl be made to them just so far as is necessary. 

In apportioning material to resist the varying strains to which a ship 
may be liable, it is not possible to start from first principles of " given 
strain to be withstood and factor of safety," as in structures upon land. 
The designer must work from the results of experience, and proportion 
the parts of the proposed vessels to those of others which have proved 
themselves strong enough at sea ; and as first requisites of this, quantities 
must be found that will measure the relative strains under given condi- 
tions of vessels varying in size, proportions, and form. 

Though the subject is attended with difficulties, such quantities can 
be found which will give sufficiently correct results, and the scantling 
numbers of the classification societies are intended to supply these. Un- 
fortunately the latter do not take variations in form and dimensions 
sufficiently into consideration, and their application sometimes produces 
unsatisfactory results. 

The most important, because the most considerable, strains to be met 
are the longitudinal ones, and these are, by common agreement, most 
severe when a ship is moving over waves of her own length. Sagging 
and hogging strains then alternate with each other, and are generally most 
considerable amidships. 

Calculations are made by our naval constructors and others for these 
two kinds of strain with an assumed maximum height of wave, and with 
the ship regarded as steady on the crest and in the trough of a wave 
respectively. 

Taking a broad view of the circumstances the above assumptions seem 
the most suitable that can be made, and it is the writer's intention to pro- 
ceed from them in order to frame a measure of relative longitudinal strain. 

22 
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F^. 1 , Plate XXIX., shows the profile of a ship aasnmed as resting, firsc 
on the crest, and then in the hollow of a wave of her own length, as shown 
by the lines C C C and T T T. The centres of buoyancy of the ends may 
be in the positions X X and Y Y. For the present porpose it will simplify 
matters to assume the ship supported on pointe in the middle of her length 
or at her ends. In the case of merchant ships the sagging strain, t>., that 
occurring when the ^p ia supported at her ends, is generally the less 
important of the two, because where it conies into play extra strength is 
afforded by tank top, keelsons, etc. ; and the bottom plating, while not 
cut up by engine and boiler openii^s, hatchways, and the like, is in itaelf 
stronger than that of the correqxinding component of the hogging girder, 
viz., the upper deck. 

Let it be admitted that the centres of gravity of the tare and after 
halves of the laden ship are at the pointa Z Z. The hedging tendency 
will be in proportion to the distance Z Z x weight or displacement. The 
distance ZZ is a quantity varying with the fulnessor fineness of the vessel, 
and, aEsnming homc^eneous cargo, nearly as the similar distance between 
the centres of buoyancy of the vessel's ends. It is more convenient to 
work with the centres of buoyancy, and they may be found with sufficient 
correctness by the aid of Kirk's block (see Pig. 2, Plate XXIX.). The Une 
V G in the figure ia halved at the point H and the line R H N is drawn 
parallel with the base-line S T, Asanming the ends alike full, if V T=l, 
the prismatic coefficient of the ship will be represented by the distance 
H N, and the centre of buoyancy of an end-half of the ship will corre- 
spond with the centre of the figure G V T A. 

If a series of such figures be drawn for prismatic coefficients of say *5 
to 1-0, as in Fig. 3, Plate XXIX., and TT be again = 1, the distance 
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prismatic coefficient, her tendency to hog is in proportion to displacement 
X 2 X 6 H, or to displacement x length x '33S. 

It must be borne in mind that the moment thus resulting is only 
proportional (not equal) to the actaal moment. 

Assoming the worst conditions of sea for all cases^ the actual moment 
should bear some constant proportion to the one thus found, which how- 
ever our present knowledge of the subject does not enable us to fix. For 
the present purpose it may be disregarded. 

Consider next, the power possessed by the vessel herself to resist 
bending. The weakest point of a ship longitudinally is at, or near, her 
half-length, and here the moment to resist bending is proportional to : — 
Moment of inertia of midship section x ultimate stress on the material 
-T- the distance J from the neutral axis to the top or bottom of the girder 
which is proportional to the depth. In practice it is usual to distribute 
the material in increasing- thickness towards the top and bottom of the 
girder, and this with such regularity that instead of moment of inertia 
X stress -f- depth the moment to resist bending may be taken as propor- 
tional to sectional area of material x depth' -r- depth, or to sectional 
area x depth. The ultimate stress may be disregarded. 

The depth might be measured at the middle of the half -breadth. 

Bending moment, then, is proportional to displacement x length 
x coefficient, and moment to resist bending is proportional to area of 
material x depth ; and further, displacement x length x coefficient is 
proportional to area of material x depth. 

Now, area of material is equal to mean thickness x girth, and 
substituting the latter displacement x length x coefficient becomes pro- 
portional to girth X mean thickness x depth. Further, the mean 
thickness of plating may be set 

. . , . displacement x length x coefficient C 
proportional to -^ ^fa-lfdcPE ' 

and this, as a basis for scantlings of longitudinal structural parts of vessels 
of moderate speed and not too shallow draught, is probably as good a 
compromise between scientific accuracy and practical simplicity as can be 
obtained.* 

An alternative number for very swift and shallow vessels will be con- 
sidered further on. 

Regarding the assumption upon which the above number is based : — 
That of a vessel at rest alternately on the crest and in the trough of a wave 
of her own length, it may be objected that the conditions under which she 
has to work are somewhat different. A ship rising on to the crest of a wave 

* See anf wer to discussion. — Ed. 
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is subject to a static force proportional to displacement x length x 
coelticieut C, tendii^ to stretch the gunwale and compress the keel and a 
dynamic force proportional more nearly to displacement x length' 
usually less iu amonut, tending to connteract the static one, that is, tending 
to throw the ends up. 

The exact converse is the case when the vessel is sinking into the trongh. 
At the same time the virtual weight of the vessel is diminished or increased 
(as much as } sometimes) on the crest or in the trongh to a greater or less 
extent, according as the wave crests are high or low and approach her 
quickly or slowly. The resnltant of these varions forces in each case will 
be proportional to a quantity lying between displacement X length x 
coefficient and a number more nearly proportional to displacement 
X length*, and as the static forces rejo-esented by displacement x 
length X coefficient G are generally the greater in amonnt, this may be 
accepted, for ships of moderate speed and dimensions, as the beet measure 
of longitudinal strain attainable.* 

For ships of great speed and shallow draught the dynamic forces may 
become the more important, and this may entail the substitution of the 
quantity displacement x (length x coefficient C)* for the one jnst given, 
as will be shown further on under the head of vibration. 

The extent to which freeboard, good form, and consequently speed, 
are handicapped by the classification societies is not usnally realised. 

Ships A and B have the same length, displacement, and depth. Ship 
A has a prismatic coefficient of '8 and a distribution of its volume largely 
towards its ends, as shown in Pig, i, Plate XXIX., by the bluffer curve 
of sectional areas. Ship B has a prismatic coefficient of '6 and a distribn- 
tion of its volume more towards its middle, as shown in the figure by thfi 
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Plate XXIX., be adopted, the strains on the respective structures amid- 
ships will vary as '5 to 'SSS, while the strength to resist bending, 
assuming depth = mean half -breadth, is for the fine ship about 1^ times 

as great as for the full one. 

2 X *883 
Theoretically, the plating of the fine ship might be — — , or |ths* 

o X *0 

the thickness of the full one. Lloyd's would make it about |th thicker 
instead of thinner. 

Practical considerations as to bumping, rusting, etc., might prevent 
the possibility of going to the extreme reduction of ^tlis above-mentioned, 
but it would not be necessary to make the plating of the sharp ship the 
thicker of the two. 

The two preceding examples have dealt with differences in the virtual 
length of a ship, but the matter does not end here. The classification 
societies do not take due account of the proportion borne by the actual 
length to the other dimensions. 

Ships P and Q, Fig. 6, Plate XXIX., have the same plating number 
as per Lloyd's rules. The respective strains on their structures amidships 

are as — 

8,000 X 80 o ^ 

12,000 X 60 ' "^ "^ ^ ^ ^ ' 

the strains on the fibres of the material as — 

600 8 , ^, 

— X ^,oras4:3. 

If the depth be varied instead of the breadth the results are still morc 
anomalous. 

Ships R and S, Fig. 7, Plate XXIX., again have the same plating 
number. The respective strains on their structures amidships are as — 

8,000 X 80 o ^ 

12,000 X 60 ' "^ ^ ^ ^ ' ' 
the strains on the fibres of the material as — 

600 X 8 



- > 



more than 2:1. 



250 X 1) 
The rules provide for extreme proportions of ^ — .— ranging between 

11:1 and 16 : 1, and of . ^ . ranging between 7 : 1 and 10^ : 1. 

In ships P and Q the proportions of length : breadth are S : 1 and 
8 : 1 respectively, for the latter of which Lloyd's would require a trifling 
increase in the upper-deck stringer and deck plating. In ships R and S 
the proportions of length : depth are 6 : 1 and 16 : 1 resjxictively, for 

* See answer to discuMion for proposed modification in nnmlxir, by which ' Jths ' 
would become about * ^i- '. — Ed. 
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the latter of which Lloyd's woald require aa addition of aboab ^ to the 
loDgitudinal stmctaral parta. 

The adoption by Lloyd's of the rfiip of 11 depths as a standard may 
be defended on the ground that it gives the smallest scantlings that are 
desirable in view of mating, wear, and tear, bnt here there is room for 
considerable difierence of opinion, and the limit m^ht probably be set a 
good deal lower. 

Bureau Veritas's number for plating shows still greater disproportion. 

In Fig. 8, Plate XXIX., the two blocks represent ships having the 
same numbers, viz.: — 2 x 2 x 2 = 8 and 1x1x8 = 8 respectively. 

The total strains to be borne by the respective structures amidships 
are as 4 : l, and the strains on the fibres as 16 : 1.* 

The foregoing conclusions may be summed up as follows : — In the 
opinion of the writer the plating numbers of the claasiiication societies 
take wrong account of the longitudinal disposition of the displacement, 
and, as regards the latter, make the thickness of the longitudinal 
Btructnral parts vary inversely as the atraiuB which they are liable to have 
to undergo. Further, they do not provide for variation in the proportion 
borne by the length to the size of the midship section, and the additions 
for extreme proportions, which are intended to make good this deficiency, 
are, it is submitted, applied too roughly to be looked on as satisfactory. 

Were the static number here proposed adopted, additions for extreme 
proportions would, it is believed, ceaae to be necessary, but on account of 
wear and tear it might be advisable to fix minimum thicknesaea of plating 
for ships of various sizes. 

Now that it has become the practice to fix load-lines for all vessels, it 
becomes feasible to regulate scantlings by displacement as above proposed, 
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throw the veRsers ends alternately np and down depends on displacement 
X (I®i^^ X coefficient C)*. 

It depends also on the speed at which the vessel rides over the waves, 
and in the case of her steaming against the sea this will be proportional 
to the sum of the speeds of the vessel and of the waves. 

At the same time the time in which a wave crest travels from the 
middle of a vessel to its after-end is inversely proportional to the length 
of the vessel, the case of most severe straining (that in which wave- 
length is eqoal to length of vessel) being assumed. 

Thus the thickness of plating is — 



displacement x length* x coefficient C^ x 

a 



speed of ship + 
speed of waves 



girth X depth x length 
Now, the length of a rolling wave of the Atlantic is proportional 
to the square of its speed in knots, and its speed is equal to — 



y 



length of wave x - 



•562' 

and taking the length of vessel and length of wave as synonymous, the 
quantity — 

>/ length of vessel x 1'78 

may be substituted for speed of waves. 

The speed of an Atlantic greyhound may be roughly reckoned equal 
to is/iength X '8. Substitute these in the proportional quantity above, 
then the speed of ship and wave together become equal to 

ij length of ship x '8 + >/ length of ship x 1*78, 
or to >/ length of ship ( n/T + n/Tts), 
or to 2-28 >/ length of ship. 

In dealing with proportional quantities the factor 2*23 may be 
neglected, and the proportion becomes : — 

«, . , * 1 f displaceme nt x length ^> x (coefficient C)* « 

imckness Of plating a girth x depth ' 

so that, assuming the length proportional to girth and to speed^, the 
vibration and thickness of plating necessary to counteract it will vary 
with (length^* x breadth), the other factors of fineness of form and depth 
remaining the same. 

Now, the Atlantic liners are bound by the draught (about 27 feet), 

* See answer to discussion. Modified in accordance with alteration to first number, 

the formala becomes : — 

»-. , i! 1 i.. ^displacement x lenjfth^ x coefficient 

Thickness of plating a — - — r-rr 3 — nr — r uZ ' 

^ girth X depth x draught 

^, -, . 4 • !.• i. coefficient of load water line p._ 

the ooefncient approximating to ■ — ^—r ^si — 7 t- • — *-!>• 

'^'^ ° coefficient of displacement 
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which admits of their eotering and leaving the harbours, and as they in- 
crease in size their tci^h and breadth muBt become disproportionately 
great. Under these circumstances it is no wonder that the longest and 
broadest of modem vessels, the " Campania " and " Lacania " should 
vibrate more than usual. 

Compared with one of the longest and broadest of their predecessors, 
the " City of Paris," with 527^ feet length and 63 feet beam, their ten- 
dency to vibrate as due to general proportions, is as — 
{C00)'» X 70 1-35 

(527i)'lx63 '>^"^^' 
the other conditions being assumed as similar.* 

If it be assumed that the thickness of plating (as regulated by the 
classification societies' rules) divided by the static proportional quantity 
or number be less in the "Campania" than in the "City of Paris," as 
ia in every way probable, there will be a still greater disproportion in 
the tendencies of the respective hulls to vibrate. 

In still water the vibration cansed by the machinery is that which 
makes itself most felt, and if the revolutions of the screw per minute be 
kept constant this will vary about as the weight of the moving parts x 
(radius of gyration)', which again is proportional to 

I.H.P. X (T.H.P.)* or to I.H.P.". 

Amongst waves the two kinds of vibration may go on simultaneously, 
uncoil nected with each other ; but if the periodic time of the hull-vibration 
hap[)en to synchronise with a multiple of the revolutions of the propeller, 
the two will, at regularly recurring intervals, act t^^ther with corre- 
spondingly increased effect. The vibrations due to the working of the 
machinery have been sufficiently discussed lately, and it appears that 
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be profitable to note the scantlings of vessels that have at first proved 
too weak and afterwards been put right by judicious strengthening. Such 
vessels may then be taken as neither too strong nor too weak for the work 
they.have to do. In general, Lloyd's tables may be looked on as a store- 
honse of experience. They have been altered and re-altered until they 
now give scantlings that are at least strong enough for any usual type of 
ship. For many types they give excessive scantlings, and hence these are 
not built. If the scantlings there given for the longest, broadest, and 
fullest ships usually built be taken, they may be accepted as standards, 
and by the help of new numbers scantlings may be established that are 
sufficiently strong for all other types. 

In regard to other structural parts : — Frames and reverse frames may 
suitably be regulated by their own length amidships somewhat in accord- 
ance with Lloyd's practice. 

For the floors the immersed area of midship section x breadth^ x 
the frame spacing might be suitable; the immersed area of section x 
frame spacing representing the proportion of the cargo which might be 
assumed to rest upon a single floor. 

In regulating beams the 'tween deck height and the frame spacing 
ought to be taken into account as well as the breadth^, and within limits 
the dimensions of each beam might be regulated by its own length squared. 

The masts and. rigging of a modem vessel, considering their work, 
form one of the lightest structures of the day. For the sake of lightness 
aloft the margin of safety is reduced to a minimum, and with results 
that are not always satisfactory. 

The tables for these parts, suggested by Lloyd's, and generally adhered 
to, are practically based upon height of rig and tonnage of vessels, and 
so long as ships are built to everyday proportions and quantities of sail 
they give good results. In extreme cases, however, they fail. 

If a ship be inclined by a strong gust of wind, the weather shrouds 
will stretch and the lee ones become slack. The mast itself will first 
bend at the head to leeward, and then be subjected to a downward strain 
nearly equal to the pull on the weather shrouds, and tending to twist it 
into an 8-like form. 

At the deck it will have a tendency to bend towards the weather side, 
and the greatest strain will probably be at about half height and similar 
in character to that of a bow when bent. The strength to resist snapping 
ought to be in proportion to length of mast x ultimate strength of 
shrouds on one side. The strengths provided for by the tables are in 
proportion to (length of mast)^, the spread of canvas being assumed 
proportional to (length of mast)^. 
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The shronds themselves are regulated hy the tonnt^ of the vessel. 
Now, a. vessel of given tonn^e may have two or three, three or four masts, 
according to size ; she may be broad or narTow ; she may have propor- 
tionally large cross-sections or proportionally small ones ; she may be of 
fnll or fine form ; and she may have a larger or smaller sail spread. 
That these disregarded factors all exercise influence on the power of a 
vessel to cany on sail will hardly require demonstration. In different 
vessels of the same tonnt^ the possible strains on the material of the 
shrouds, as will be afterwards shown, may easily vary as 2 ; 1. That 
the parts going to make np the rigging and its connections often have to 
approach the breaking limit is proved by the nnmber of vessels every 
year dismasted. 

The strains on a vessel's rigging have been shown by the late Mr. 
Wm. John in a report on masting made to Lloyd's Committee, to be made 
up of three parts : — 

(a) Force of the wind on the sails. 

(S) Overhanging weight of tophamper. 

(c) Transverse strain dne to rollii^. 
The addition of these qnantities, which vaiy in amount one with another, 
according to stowage, sail spread, etc., gives the pull to be met by the 
rigging. The first of these is proportional to area of sail x height of 
centre of effort x the square of the cosine of the .angle of heel ; the 
second, to weight of tophamper x height of centre of effort (approxi- 
mately) X the sine of the angle of heel ; the third is proportional to the 
moment of inertia of the tophamper x the angle of roll -r- (time of 
oscillation)'. 

In an example of a well-proportioned sailing vessel, cited by Mr. John, 
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breadth, and depth to one another. As regards the ultimate strength of 
4,900 foot-tons, it may be premised that in practice the shrouds may be too 
tight or too slack, or unequally set up. In this way the shrouds may 
break in detail, or the mast before the shrouds, or the shrouds may have 
some of their strength expended on a too tight setting up, and the 
theoretical ultimate strength not be realised. 

The ship taken by Mr. John was one of 1,600 tons gross register, and 
267 X 89"8 X 23'3 feet registered dimensions. If the length be decreased 
and the midship section increased, keeping the proportion of depth : breadth 
and the tonnage the same, the vessel's power to carry sail is increased, and 
it may be assumed that a higher rig and a larger sail spread would be 
resorted to. Without going beyond reasonable bounds, the strains on 
the mast and rigging, above given, may be taken as increased by ^ and 
amounting to : — 

Foot-tons. 

X ••■ ••• ■•• •.• ,.• •■• 4y«7V\/ 

^ ••• ••• §•• «•• «•• •«• Oj«/0\/ 

V a** ■•■ ••• ••« ••■ ••• 4aOO\/ 

Again, assume a further alteration in the vessel's dimensions, and 
make the proportion depth : breadth = '5 instead of '6, the power to 
carry sail will be again increased, and still more the temptation to carry 
on, as the vessel will be stiffer at small angles of heel. She may be 
credited with a still higher rig, and her tendency to roll will be very 
much increased. Again, increasing by y the result will be : — 

Foot- tons. 

X ••• ••• ■•• ••• •«« •«• wyOO v 

^ ••• ••« ••• ••• ••• ••■ &^ I ov/ 

d ■•• ••■ ••« ••• ••• ••• Oj^UV/ 

Recurring to the ultimate transverse strength of the mast and its 
rigging, which, being made dependent on the tonnage, remains unaltered, 
on account of the different parts not always acting together, as above 
shown, the figure 4,900 may be reduced by perhaps 5 per cent. The 
resulting 4,655 foot-tons is less than any of the three assumed total 
strains for the broad vessel. 

Now, it may readily be admitted that the conditions of strain assumed 
would be met with only in extreme cases, but if the figures taken for the 
broad vessel be reduced by 25 per cent., they are still dangerously near 
the ultimate strength of 4,655 foot-tons, and the cases of dismasting, 
which too often occur, show that conditions something like those assumed 
are at times realised and ought to be reckoned with in rigging a vessel. 
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If the proportion of depth : breadth (= '6 in the ordinal example) 
he increased to '65, instead of decreased, the tonnage and the propor- 
tion of length to midship section area being kept the same, the ship will 
become more tender and will have a reduced rig, A low stowi^e of her 
weights will give an onlj moderate G.M. height, and her rolling will in 
all conceivable cases be moderately slow and easy. She will probably 
have righting tendency to angles of heel even beyond 90 degs., and 
carrying on will cause her to heel so far over, that the most reckless 
captain will take in sail long before the nltimate moment that would cause 
capsize could be i-eached. The masts and rigging, then, could be made 
very considerably lighter than in the calculated example, and this in 
itself would help to decrease the strains to which they would be liable. 
The first strain originally given, for a steady pressure of wind, may then 
be reduced by at least J and will probably never exceed 3,000 foot-tons, 
while the second and third sets of conditions need not he taken into 
account at all. If the whole sail area of the vessel be spread over four 
masts instead of three, the strain on the one mast will again be reduoxl 
by at least ^ and the 3,000 foot-tons will become 2,250. 

To sum the matter up, the writer has, by simply varying the proportions, 
of the standard vessel while keeping tonnage the same, obtained results 
for a given steady pressure of wind on the sails of one mast varying from 
5,880 to 2,250 foot-tons against an ultimate effective strength due to 
tabular dunensions equal to 4,655 foot-tons. 

It will be evident, then, that the figures in the buggested tables of 
Lloyd's Register, while useful as standards for well proportioned ships, 
ought to be incrciised or diminished for varying proportions of vessels 
and their rigs by very considerable amounts. If, in addition to the 
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meter),* x cosine of angle of spread. The strength of the mast will 
then be proportional to that of its rigging. For yards the basis might 
be : — Length of yard x area of sails attached to it above and below. 

As regards the general question, if scantlings were apportioned some- 
what on the lines proposed the cost of the sharp ships advocated would 
be considerably less than that of those now built, and the box-shaped 
structures so familiar on the North-East Coast would probably disappear. 

A vessel to carry, say 1,000 tons at 12 knots for a given distance and 
with given length and draught might be built (1) to a sharper model 
than at present ; (2) with smaller machinery ; (3) with a smaller allow- 
ance for fuel ; (4) on smaller displacement and smaller weight of hull. 

The longitudinal parts of the structure may represent about half the 
weight of steel in the hull, and assuming such a vessel of full model, 
with '8 prismatic coeificient, to be increased in breadth and fined down to 
•6 prismatic coeflScient, the weight of these parts might theoretically be 
reduced by 12J per cent.* On the whole hull this would represent about 
4 per cent., and it would bring with it at least a 1 per cent, further 
reduction due to the decreased weight to be carried. When the reduc- 
tion in weight of the machinery and coal and the consequent further 
reduction in the size of hull required to carry it are considered, the 
writer can hardly be considered too sanguine in his expectation of a 5 per 
cent, reduction on the total cost of the vessel and its machinery. Probably 
the reduction would be much greater. It may be remarked that a 5 per 
cent, reduction on the cost of new shipping in a good year would amount 
to a million of money. 

To designers accustomed to coeificients of '8, the idea of building 
cargo boats with yacht-lines may seem a dream, but no man, who 
goes into the matter, can deny that it is a reasonable one. With given 
length, draught, and* displacement, the broader a ship is made amidships, 
the stronger becomes the longitudinal girder, and for the classification 
societies to require thicker plating for the increase of breadth is evidently 
wrong. 

In regard to the proposed plating numbers a few words are perhaps 
necessary as to girth. This may be taken from gunwale to gunwale 
round under the bottom, or it may include the upper deck. Probably the 
latter would be more correct. 

The following example may serve to illustrate the general question : — 
An iron vessel of 285 feet x 86 feet x 25 feet 7 inches moulded had a 
load draught of 21 feet 6 inches, including a 10 inches keel. With a block 
coefficient of '783 her displacement was 4,735 tons. Her deadweight 

* Modified by amended number, for which see answer to discussion. — Ed. 
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ourr/iiig capacity was 250 tons of bunker coal, and 2,790 tons of other 
oirfto. Her weights were as follows : — 



Heavj forging 

Plntc9, bars, and rivet heads ... 
Smith iroD, rising cIuudb, etc 

Wood 

Cement and tiling 

Outfit 

Equipped weight of halt 

Engines, boiler, and wat«r 

Total equipped weight 

Tlic priamabic coefficient was abont '8. ABBmning this rednced to '6, 
luiil referring to the proposed static nnmber, the lever would become 
ithortGiicd in the proportion of '408 to Sii (see table on page 288) — 
nmghly iia 8 to 7, and this would affect the longitudinal structural parts, 
whii'li repi'esuiit about half the weight of plates, bars, and rivet heads, 
• II' f>50 tons, that is to e&y : — 

Tool. 

Tlicse parts might be lighter by TO 

A further rediictioD in machiDery required to 
drive the sharper vessel at the same speed as 
before, might be put down at 26 

Together 96 

Against this we may set some Increase in the 
IransverBC structural parts, say IS 
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The displacement now becomes 4,565 tons, and the dimensions of a 
vessel to give this would be about 285 feet x 46 feet x by 25 feet 7 
inches, with a draught of 21 feet 6 inches to bottom of 10 inch keel, a 
prismatic coefficient of *6, and a block coefficient of *589. 

The foregoing is an example of the effect of making a vessel broader, 
and distributing her displacement more towards the middle. Probably it 
would be more profitable to increase the length a little and the breadth 
not quite so much. The reduction on machinery and coal would then be 
rather greater and that on iron rather less. 

In r^ard to the engine power required to drive a fine ship of this size 
at a moderate speed, there is not much available in the shape of data, and 
the 10 per cent, reduction above assumed must be taken as a very rough 
estimate. Perhaps some members can supplement this. 

If the same vessel be taken and her freeboard increased by 1 foot, 
her moment to resist longitudinal bending will be increased (1) in pro- 
portion to her depth^, t.e., by about ^^th, and (2) in proportion to the 
girth of her midship section, i.e., by about tV**^* The second increase 
would allow a slight reduction in the thickness of the plating, but as the 
girth would be increased in the same- proportion, the weight of the longi- 
tudinal structure would not alter thereby. 

On the other hand, the first increase of ^^^th in the moment to resist 
bending will allow a reduction in the weight of the longitudinal parts of 
22 tons, and in the total weight of iron of 27 tons, a further reduction in 
machinery, coals, etc., may amount to 8 tons on the displacement, so that 
the ship might be 85 tons lighter. 

In practice this theoretical reduction would probably not be to the 
full extent attained, but it is something that with a given draught a 
ship may be increased by 1 foot in freeboard without having to add largely 
to her weight, as is the case under existing rules. Whether the possibility 
of increasing freelward would be taken advantage of would depend on 
questions of tonnage as well as on classification rules, the former of which, 
of course, are beyond the scope of the present paper. 

In conclusion, while not wishing to claim too much for the proposals 
made by him, the writer hopes to have directed attention to some real 
anomalies in present shipbuilding practice, and to have placed the 
question of bases for classification of vessels before this Institution in a 
manner suitable for discussion. 
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DISCUSSION. 
Mr. W. HdK, opening the discussiOD, 8aid at the ontaet he mnBt make 
the admission that big criticism of the paper would be wholly anfavour- 
ablc. Coming to the very first proposition, viz., that the ship was 
supposed to be supported on points either in the middle or at the ends, 
and tliat the stresses were proportional to the distanceB between the centres 
of gravity of the two halves, or, as he for simplicity had preferred to pat 
it, to the distances between the centres of buoyancy of the two halves, it 
was a wholly inadmissible proposition. By approaching the problem in this 
manner he took into account only one of the forces that caused the stress, 
viz., the gravity, and left out the other equally important, viz., the 
distribution of buoyancy. The result was, among other things, that the 
influence of fineness became greatly esaggerated. But he would not 
touch on this point any more in order to save time, for if they would 
take the trouble to look up the TroTisaetiom* they would find the 
influence of fineness on stress discussed there. Then Mr. Liddell stated 
ivi-oiigly the fundamental formula on which all calculations of longitudinal 
stivngth were based. He said that the moment to resist bending was 
pro]x)rtional to the moment of inertia of section multiplied by stress. 
This should be the moment of resistance of section multiplied by intensity 
of stress, the moment of resistance of section being the moment of 
intTtiit of section divided by the distance of the material ii> stress fVom 
the neutral axis. Of course that made a great difference to the whole 
tiling, for he here omitted, so to speak, the depth of the girder. Then 
]\<i made the assumption that the moment of inertia multiplied by si 
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coefficient C (which ooeflScient varied with fineness), divided by girth 
into depth. With this formula the thickness of plating would vary as 
the square of the dimension, which amounted to saying that if a vessel 
100 feet long had ^ inch plating, a similar vessel 400 feet would have 
plating not less than sixteen times as thick, that was 4 inches thick. 
But when he took account of the dynamic force he advanced the pro- 
position that the thickness of plating to resist the stresses due to this 
force should be proportional to the displacement into the length raised to 
the l'5th power, into breadth, into the coefficient C squared, divided by 
girth into depth. This function varied as the 3*5th power of the dimen- 
sion, which amounted to saying that to resist the dynamic force the plating 
must be not less than 32 inches thick in a 400 feet ship if they took the 
100 feet ship as a basis, or if, instead of the J inch plating for the 100 
feet ship, they assumed f ths of an inch as the thickness for a 400 feet ship, 
the plating of the 100 feet vessel would be ^^^hs of an inch thick, and that 
was too thin.* In the same way the frames were proposed to vary as the 
dimension, the floors as the fourth power of the dimension, and the beams 
as the square of the dimension. He need not give them any examples of 
the results that would accrue if they based their scantlings on these pro- 
positions, for they could easily work these things out for themselves.f If 
the question was of varying the fineness, as on page 290, it must be 
understood that it was because his fundamental formula was so incorrect 
that he arrived at these extraordinary results of the theoretical thickness 
of the plating in fine ships. He (Mr. Hok) hoped that no one would go 
away in the belief that the theoretical thickness of the plating of a fine 
ship should be ^ths the thickness of that of a full ship. As far as the 
theory went, it was impossible at the present time to calculate the thick- 
ness of the plating of a fine ship compared with the thickness for a full 
ship ; but they knew so much that if there was any difference at all, it was 
very small, and that was the basis all the registry societies went on. With 
regard to the part of the paper which referred to rigging and masting, 
he had not read it through, so he could not say whether it was sound 
or not. Regarding the latter portion, where Mr. Liddell showed the 
advantages which would accrue if his system of scantlings was adopted, 

* The vibration number is now modified by the writer. — See his reply to the dis- 
cussion. — Ed. 

t As regards frames, floors, and beams, the writer did not mean to formulate num- 
bers, but rather to call attention to points which should be taken into consideration in 
forming them. The taking of these into account need not conflict with Lloyds' prac- 
tice of varying the sectional area of frame-bar with the dimension, and of floorplate 
and beam with dimension'. — Ed. 
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lie nas aorrj to say it was througboat based on bis principal fonnuta which 
he (Mr. Hok) had shown to be incorrect. He must apolt^ise for having 
criticised Mr. Liddell's paper in this manner, but he held very strongly 
the view that the science taught in an Institution, where they had so many 
young Members and Gradnates sbonld be as pure and correct ^ possible. 

Mr. F. Caws said there was one part of the paper abont which he felt 
no doubt at all, and indeed he was quite sure the writer was right ; and 
that was with reference to a decrease of resistance due to the adoption of 
forms which the paper advocated. He (Mr. Caws) had tried models 
which had been sent him and which represented exactly the kind of thing 
Mr. Liddell advocated, as compared with the ordinary kind of common 
box shape. It was perfectly astounding the difference in the resistance 
between these models. Without expressing any opinion on the formulie, 
and other parts of the paper, which he felt needed and deserved careful 
study, he thought that the writer was undonbtedly correct in regard to 
the great decrease that would be found in resistance if the finer forms were 
adopted. 

Mr. HOk — May I be allowed a word ? J wish simply to say that I 
proved this matter very conclusively in the paper I read some months ago 
before the Institntion. I think Mr. Gawa is perfectly correct in what 

he says. 

Mr. Geo. N. Abnison, Jun., said that after what they had heard 
from the previous speaker, it might be thought the discussion should at 
once close. The writer of the paper in the latter portion of it had, how- 
ever, while modestly not claiming " too much for the proposals made by 
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For instance, considering the question merely of the difference of displace- 
ment. In a vessel of 5,000 tons displacement, whose coefficient of 
displacement was '8, there are the same scantlings as on a vessel of the 
same dimensions with '7 coefficient, although the displacement would only 
be 4,375 tons, and even the same scantlings as on a vessel of "6 coefficient, 
although the displacement was only 3,750 tons or 1,250 tons less than the 
fullest of the three vessels. Evidently there is injustice here. No doubt 
it was not often vessels varied as much as from "6 to '8 coefficient now- 
adays, but how to get back to finer coefficients of displacement was 
worthy of discussion. Mr. W. T. Courtier-Dutton, speaking at a meeting 
of this Institution about three years ago, pointed out the difficulties of 
adopting the load displacement as one of the bases for classification of 
vessels. It had, however, occurred to him that there would not be the 
same objection to using the coefficient of displacement along with the 
plating numerals, e.g,^ in the tables of Lloyd's register. 

The President — Lloyd's tables were not in question. 

Mr. Arnison (resuming) — Well he had prepared a table in which he 
adopted the numerals of a certain registry as applied to steel vessels. 

The President — You must discuss the paper, and not give us one of 
your own. 

Mr. Arnison (resuming) said he understood the bases of classification 
was before them ; however, he would not attempt to go farther, as he was 
apparently not in order. In reading the paper the suggestion of employ- 
ing the coefficient of displacement had occurred to him. 

The President — We will be very glad to have a paper from you on 
the subject. 

The President, in adjourning the discussion, said that on the last 
page of the paper the writer proposed to increase the beam by 10 feet to 
make the vessel finer. This was increasing the size of the vessel in order 
to make her finer, and he failed to see how this could be done so as to 
reduce the cost to the extent anticipated by the writer of the paper. 
There were points however in the paper which required to be gone into 
with figures so as to appreciate the correctness of the views put before 
them. He proposed that they adjourn the discussion till next meeting. 

The discussion stood adjourned, and the meeting dissolved. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS. 



Tenth Session, 1893-94. 



PROCEEDINGS. 



CLOSING BUSINESS MEETING OP THE SESSION, HELD IN THE PHYSI- 
CAL LECTURE HALL OP THE DURHAM COLLEGE OF SCIENCE, 
NEWCASTLE-UPON-TYNE, ON TUESDAY EVENING, MAY Sxn, 1894. 



ROBERT THOMPSON, Esq., J.P., Pkbsidbnt, in thb Chaib. 



The Secretary read the minutes of the last General Meeting, 
held in Sunderland, on April 11th, 1894, which were approved by the 
members present, and signed by the President. 

The ballot for new members having been taken, the President 
appointed Messrs. John Gravell and Henry Fownes to examine the 
voting papers, and the following gentlemen were declared elected : — 

MEMBERS. 

Bulmer, John George, Mechanical Engineer, 34, Brighton Grove, Ncwcastle-on- 

Tyne. 
Lowdon, David, Works Manager, Barry Dry Dock Co., Barry Dock, Cardiff. 
Powell, James Richard, Consulting Engineer, Pier Head Chambers, Cardiff. 

MEMBERS (LATE GRADUATES). 

Clagno, James Henry, Ship Draughtsman, Birkenhead Iron Works, Birkenhead. 
Oxton, Walter, E. Draughtsman, 96, Blackpool Street, Burton-on-Trent. 
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GRADUATES. 



Bent, John Bradbury, Electrical Engineer Apprentice, 74, Rye Hill, Newcastle- 

on-Tyne. 
Itiiluier, Frederick Charles, Mechanical Engineer Apprentice, 1, Graingervillc 

' North, Newcastle-on-Tyne. 
Bnlnier, Seiitiniua, Mechanical Engineer Apprentice, 1, Uraii^rville NoTtb, 

Nuwciistle-on-Tyne. 
Crowhall, Henry P., Klcctncal Enf^ncer Apprentice, 6S, Westmorland Road, 

Ncwca»tle-on-Tyne. 
Tncddoll, O. H , Electrical Engineer A|ipretiticc, 26, Grove Street, Ncwcastle- 

oii-Tyiie. 



The discussioD on Mr. Arthur Liddell's paper on " Bases for ClasBifi- 
catioii of VeBsela Proportioned to their Strength to B«Biat Bending and 
Vibration " wag reanmed and closed. 



Closing basinesB of the Session. 
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ADJOURNED DISCUSSION ON MR. ARTHUR R. LIDDELL'S 
PAPER ON "BASES FOR CLASSIFICATION OF VESSELS 
PROPORTIONED TO THEIR STRENGTH TO RESIST 
BENDING AND VIBRATION. 

Mr. A. Cruickshank said it was very unfortunate and much 
to be regretted that Mr. Liddell should have presented his paper 
before this Institution in such a crude and unsatisfactory state. 
This vitally important subject was of a very abstruse character, and 
required very careful mathematical treatment in all its details. It was 
only too apparent, after a short perusal of the paper, that Mr. Liddell had 
treated those details in a very reckless and slipshod manner. The result 
of this, as might be expected, was that Mr. Liddell had been led into 
making many fallacious and grossly misleading statements. It would 
take too long to deal with many of the minor inaccuracies, with which 
the paper bristled, in fact it would mean rewriting it, but there was one 
very glaring error to which he specially wished to draw their attention — 
viz., Mr. Liddell's treatment of what he termed the dynamic or vibration 
number. In his wave formula of this number he said the length of a 
rolling wave of the Atlantic was proportional to the square of its speed in 
knots, and its speed was equal to 



J 



Length of wave x — 



•562 
Now this formula should read, according to Rankine, 

V V 2x / 1-688 
Where L = Length of wave 

g = Gravity = 32*2 nearly. 

And as ^ was constant for all sizes of waves and equal to 5*125, they 
may write 



V(L X 5125) X - 



688 



And further simplifying they got J(L x 5*125) x '592. Comparing 
this with Mr. Liddell's fonnula, and applying it te a 600 feet wave they 
got the speed equal to 
By Mr. Liddell's formula 

s/ 600 X 178 = 43-6 knots. 
By correct formula ^/(600 x 5*125) x *592 = 82*8 knots. From this 



SIO 
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result it would be seen tiiat Mr. Liddell's formala gave 24*7 per cent. 
oxceBs of vibration due to wave speed alone. He deeply aympattused with 
llr. Liddell's object, and was of his opinion that a fine ship ought to have 
lighter scantlings than a full one. When Mr. Hok was criticising this 
yupev at the last mouting he made a statement which he (Mr. Cmickshank) 
could not let pass unchallenged. Mr. Hok stated (page 303)—" It was 
impossible ut the present time to calculate the thicknesB of the plating of 
a flne ship as compared with a full ship, but they knew so much that tf 
there was any difference at all it was very small." Now he objected 
strongly to this sentence, and more especially to the latter part, as it was 
altogetlier misleading, and not in agreement with some stress calculations 
to which he would like to refer Mr. H6k. These were made by Mr. 
A. Denny, and embodied in a paper read by him at the Institution of 
Naval Architects, in 1892, entitled "Some Notes on the Strength of 
Steamers." Mr. Denny supposed these steamers to be loaded to their 
legal draft with sufficient coals to carry them a voyage of 6,000 knots, 
arriving at their destination when the coal was nearly consumed, they 
were supposed to meet with waves of their own length, and to be poised 
upon them. This was about the greatest stress to which they could be 
subjected, and accounted for the high stresses shown in the following 
table. Mr. Denny compared seven steamers S50 feet x 44 feet x 32 feet, 
and took three of them with the same midship coefficient, bat an increas* 
ing block, and consequently an increasing cylinder coefficient. 
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cent, in the thickness of everything contributing to longitudinal strength 
of No. 3 ship as compared with No. 1. Or say for every 10 per cent, 
finer prismatic coeflScient a reduction of 6*5 per cent, in the thickness of 
material contributing to longitudinal strength might be allowed in this 
size of ship, and still have the same stress per square inch on the hogging 
girder as the full ship which was taken as the standard. Mr. Denny also 
gave data for two smaller steamers, which upon analysis present even more 
striking results in the way of reductions. He (Mr. Cruickshank) trusted 
that in the near future some member or members of this Institution might 
be able to invent a satisfactory classification basis for all classes of vessels, 
which would be accepted by the various registration societies, but he was 
rather afraid that wishing for the latter part of the sentence was rather 
like wishing for the millenium. 

Mr. Robert H. Muir said he had read the paper through, but not in 
the sense of having studied it in detail. He would not say much about 
the points Mr. Cruickshank had raised. He had noted one or two 
clerical errors, but since entering the room the Secretary had shown him 
a communication from Mr. Liddell correcting these. Taking this paper 
as a basis for finding scantlings he was somewhat interested in it, from 
the fact that he had the honour of being associated with the late Mr. 
William Denny about the years 1877-78, when he read two papers, one 
entitled "Lloyd's Numerals," and the other "Lightened Scantlings," 
before the Institution of Naval Architects. Of course at that time there 
was considerable difference of opinion on the method of finding a basis 
for the displacement in the different classification societies. Mr. Denny 
was willing to accept a formula submitted by the late Mr. William John 
two years previous in his paper on " The Strength of Steamers," which 

gave — ^^-' This 35 he decided to use after laborious work in armour- 

clad vessels whilst engaged at the Admiralty. He found the coefficient 
for war vessels varied from -^^ to j\ ; but as in that class of vessel they 
had very heavy weights concentrated in certain parts of the vessel he, 
after carefully considering the case of merchant vessels loaded with 
liomogeneous cargoes distributed over the vessel's length, thought tj\ was 
a fairly approximate figure to set down as the numeral for strength. 
When it was suggested to use a displacement basis for fixing the 
scantlings, various gentlemen objected to it. Even Mr. William John 
said : " A displacement basis is not a sound mode, and cannot be made a 
sound mode for determining scantlings. For simplicity sake, and for 



»li: osacvmamc — rises n» ci.k£arTr^Ti(B of tebooa. 

rtj-iffOk oilvT nam nfi. tbttj vanud jaoitthJng mope d^nite fixed and smple 
i-jT a itv^ iM wilicfa to ikumune ifae ecindii^ of menbuit Ghipe." 
TJ^ ysiir f^illoviog, ducttfiBng the second p^Kr. Ur- UatuU said : ** All 
tij^ !ii»'m objuctHMK niaed to tbe fonner ptfter saQ exisL, and I ooaid, if 
I )£i^ liuih, raise ao objection to everj poim. and manr idotc hare 
'^nnvi to me Einoe." Sow, it migtit be iniaeoiiif to mendoii one 
•/r two iji tlmsc objections (be need not roentimi tbem all), incladed 
Miititt^ udi«T)> "that it was a fictitioas baEie." Tbe I'^ilj to that wae 
"iliat a 'lirpU^xment bass, no more than any other empirical basis, can 
nuikI vomjiariMD with the afaeolnte considoation of scantlings ship bj 
tiii\i." Another objection was "that an owner, baring bailt his resae) 
to wsmtlinj;!! correspondii^ to a giren drai^t, might deeire to gel) or 
'.-liaiJifi; her trade." Bepdy ing to this objection, Mr. Dennr said ; " The 
re-^JHtry mM:ittie* now lay it down that ererr ressel be bailt to do any or 
every work," (to that it was no greater hardjliip in tbe one case than the 
'>t}ii;r. Ttie point he (Mr. Uoir) would like to bring ont was this: Since 
th>.-«: ]a|)eni had been read, tbe load-line has beeo fixed by Act of 
Parliament, thos sweeping away all or most of the objecCioug raised to 
a diHplaceinent basis. He was not aware anything had been nriticn or 
wii'I further on the matt«r nntil now. He thoaght this paper was a ntw 
iritnxluction of the subject and a step forward. He only mentioned 
tlt'.iM; LhingK by way of refreshing his own memory. It ^-as well they 
kIiuliM lie clear and know where they were starting from in discnssing 
thJH [lajier. He thought Mr. Liddell had done a service in re- introducing 
the subject of a displacement haeis, thus openiug up the way to the 
am Hide ration of strength in relation to displacement in a fair and 
H'^ii.'ritiKe spirit. He did not mean to go into the details, but would 
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classification societies. They felt their position on the point so strongly 
that when they had such a problem put before them they at once made 
up their minds that it was altogether impossible to fulfil the conditions 
and keep the classification. If they took the Lake steamers of America, or 
the swift channel or river steamers of their own country, it was altogether 
out of the question. The actual weight of material necessary for classi- 
fication alone would absorb all the draught at their disposal. He had 
had the pleasure of reading a paper during the last week, written by 
Prof. Byles, at the sister institution in Glasgow. The paper was on the 
strength of large Atlantic steamers. He treated it very much on the wave 
principle, as Mr. Cruickshank had spoken of, and he (Mr. Muir) thought, 
speaking from memory, he took 33 knots as the speed of the large waves. 
Taking the steamer as going 22 knots against that wave, he found the 
force likely to be brought on the upper deck or structure above the deck. 
He took these large steamers both ways: the wave going in the siime 
direction as the steamer, and the time the wave would take to overtake 
the steamer at the speed, and then the wave coming against the steamer 
and the time it would take to pass. It was very interesting, and he 
thought this paper of Mr. LiddelFs, taken in connection with that of 
Prof. Byles's, were valuable additions to their knowledge iis naval 
architects. 

Mr. S. 0. Kendall observed that in his paper Mr. Liddell said it was 
not intended as an attack on existing classification societies, so he assumed 
from that that one must not consider his remarks too seriously, but as 
being thrown out in a tentative manner to excite discussion, and perhaps 
lead to some more tangible result. But there was one point he noticed in 
his paper, he said " In apportioning material to resist the varying strains 
to which a ship may be liable, it is not possible to start from firet princi- 
ples of * given strain to be withstood and factor safety,' as in structures 
upon land." Well, he understood from this that past experience should 
be followed, and he thought that was a matter of fact what classifica- 
tions did do or attempted to do. The rules of most societies of the present 
day were practically an embodiment of past experience, and had been 
modified from time to time as experience showed it to be necessary. There 
was no doubt there would be a slight reduction in the longitudinal strains 
of a fine vessel, but the question was whether the reduction would be so 
great as Mr. Liddell assumed it to be, and whether it would run in pro- 
portion to the coefficient which he introduced coefficient C. For one 
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thing he noticed in his diagram he assumed a vessel to be poised at the 
centre, and with a varying fulness or fineness the bending moment would 
be proportional to the distance Z Z, that was, supposing the vessel not to 
he a floating bodj ; bnt, of course, she was a floating body, and never 
experienced such extraordinary longitadinal strain when she was afloat. 
For against the force of gravity acting through Z and Z the floating 
vessel is subject to an opposite force acting through the centre of baoy' 
ancy. These two points differed as the vessel was on the crest in the 
hollow of the wave. As the positions Y and X, so with the real beading 
moment, what a vessel was subjected to was not proportional to the 
distance Z Z, but the distances Z Y and Z X, for it was the same as though 
they considered the vessel as a beam acting in one direction, and con- 
sidered the force of the buoyancy as the beam acting in the other direction, 
as if the centre of buoyancy coincided with Z Z, there would not be any 
bending moment at all, so that in a fine vessel, although the distance Z Z 
was contracted, the points Y and X were also cootracied to a certain 
extent, and therefore the real bending moment was not increased or 
reduced in exact ratio which Mr. Liddell would have them suppose. In 
fact in a vessel of a certain form, that was to saj, with the sections at the 
ends cut away fine at the keel, as was the practice some fifteen years 
ago, they might conceive of a case in which a vessel with fine ends when 
rising on the crest of a wave had actually a higher strain on the gunwale 
than a vessel with fuller form. He had not had time to go into the 
formula which Mr. Liddell had produced here, but it certainly seems to be 
ingenious, and he has exercised a good deal of care in the matter, and he 
certainly could not agree with the remarks which had been made as to 
Mr. Liddcll's error in the formnlfe for the speed of an Atlantic wave, it 
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thought when tested by actual practice it would be found that the increase 
of weight in the transverse parts, which he had put down at 15 tons, would 
be something like twice that or even more. For instance, he increased the 
breadth of a boat from 86 feet to 46 feet. Well, that in itself would 
increase the weight of the frames midship at any rate about ^, because he 
put 10 feet on there, and as he said in the other parts of the rules he 
would reckon the size of the frame by midship length of them, it would 
be seen that the frames would have that increase, and a greater increase 
would be brought about by the beams. He proposed to increase the 
weight by the beams by the square of the midship beams. If they put 10 
feet on the beams, and increased the weight by the square of the length, 
they would have nearly twice the weight of the beams in the ends, and 
there were other considerations to be brought in for not increasing beams 
in that tremendous way. If they increased the beams they would have to 
increase the pillars, which he did not know had been reckoned on in the cal- 
culations. If the increase in beam was such as he proposed in 10 feet on 
a 36 feet boat, what would it be on 12 feet in a 41 feet boat, and a vessel 
810 feet by 41 feet would become 810 feet by 53 feet, and he would not 
get much saving in the weight of engines driving a vessel of this width, 
in which case the excessive beam would really counterbalance the advan- 
tage gained by the fineness of the ends. And again, as the draught is con- 
fined and the displacement lost through fining the ends must be made up 
by increasing the beam ; there was no doubt that vessels designed on such 
lines would be excessively stiff and very bad sea boats, and that additional 
transverse strength would be needed to resist the strains produced by 
heavy rolling. At any rate, he thought as a basis of discussion, if not of 
ships' scantlings, this paper was of considerable use and advantage to the 
Institution. 

The President intimated that Mr. Liddell being abroad would write 
his reply, to be added to the Traiisadionn, He moved that the best 
thanks of the meeting be given to him for the paper. 

Carried by acclamation. 
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MR. LIDDELL^ REPLY. 

In answeriD^ the discnasion, the writer wiabes firat to express bia 
regret for a mistake poioted out bj Mr. H^ viz., the setting of the 
momeni of inertta of the midship section {HvpoTtional to girth x 
thickncsH x depth. For depth most be sabatitoted depth', and the 
correction will appear in the Tratuactuma. 

The momeot to resist bending is proportional to moment of inertia 
divided b; the distance of the nentral axis from the top or bottom of 
the girder reapectivelj. The latter distanoe being, in similar sections, 
proportional to the depth, the moment to resist bending becomes propor- 
tional to tbe sectional area of material x depth, as assomed in the 
proposed number. The number, as it stands, complies exactly with the 
conditions of the case of a beam held fast at one end and loaded at tbe 
other, the beuding moment (disjJacement x length) being eqnivalent to 
weij^ht X lever, and the moments to resist bending (sectional area x 
(tejithj being in the two cases the same. 

It is the logical outcome of the assumption of a ship at rest alternately 
on the crest and in the hollow of a wave, and it is a well-known fact, that 
(;iilculation8 made on the said assumption give resnlts which are not in 
juxKirdance with the practice of tbe registration societies. At the same 
time it is a fair argnmeut that the mles of the societies have, rongbly 
Hjd;iiking, stood the test of experience, and it is worth while trying 
wliethcr the proposed number cannot be made to harmonise with them. 

'rim writ<ir has not had the privily of reading Prof. Byles's paper, 
iilliiilwl to by Mr. Muir, which would doubtless have thrown light on the 
Miihji«;t, and he gives the following nnder all reserve: — The strains on 
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length Z X. In the after-body, meanwhile, similar forces have been 
acting, causing similar strains on the gunwale. The distance X Z, or 
X Y, is, in similar vessels, proportional to the distance of the still water 
centre of buoyancy of, say the fore-body, from 'midships, and in dissimilar 
vessels it is approximately so. Under the usual assumption that the 
height of the wave is proportional to length, the moment to produce 
bending then becomes a displacement x L x coefficient C, as l)efore 
stated. The action of the forces just described is more or less counter- 
acted by that of another set of forces producing the motions of pitching 
and dipping. In amount, these are about proportional to the last quantity 
X length, or to dimension^. They are inactive when the ship is about 
halfway between trough and crest, and they act with increasing effect in 
throwing the ends upwards as the ship mounts the crest, and downwards 
as she sinks into the trough. Let the moments due to buoyancy x 
leverage be denoted by a, and those due to pitching and dipping by h. 

In proportion to the a moments, the h moments, increasing as they 
do by a higher power of the dimension, will be the greater the larger the 
vessel, and the resultant moment (a — V) will be relatively greater in 
the smaller vessels than in the larger ones. 

On this account it is probable that with similar waves the moment 
to produce bending will become more nearly a displacement x n/L x 
coefficient C. 

Here it must be observed that, with a possibly varying draught, it 

would be more correct to work with the displacement of the horizontal 

slice of the ship bounded by horizontal planes through the highest and 

lowest points of the wave. With a given proportion of wave-height to 

length, the moment to resist bending then becomes a displacement of 

slice X iJL X a coefficient; ortoLxBxLx N/Lxa coefficient; 

. displacement ^ . i^- .. as • i. 

or to — f — X L X >/ L X a coefficient. 

draught 
Now, observation has established the proposition that short waves 
are on the average higher in proportion than long ones, and if the height 
of the wave be taken to vary as JL or -^ L, the corresponding heights 

would be for a 100 feet wave = — L, for a 200 feet wave = - , - L, 

10 It 1 

for a 400 feet wave = — L. 

4U\J 

This proportion agrees fairly with that obtaining in the French 
observed results cited by Mr. W. H. White (Maniuil of Naval Archi- 



DISCDSSrON— 



i FOR CLASSIFICATION OF TEBSBLS, 



coefficient, or to 



'xL: 



draught 

a coefficient, and the number 



tee/ure, page 197), and these being applied to the formnla, the moment 
to resist bending would become a '^J^^^°' ^ x »/E x JE 

displacement 
draught 

would become thickne* » «ii»pl«o«;™°t x le.gti. X coefficient . 
girth X draught x depth 
The coefficient would, for a given fineness of ends, be equal to 

load water-line coefficient o- - . l ■ t ^- . .l 

-,.— , 7 5,—' — 7 — X a coelhcient besnng & relation to the 

displacement coefficient " 

coefficient of the load-water line, similar to that borne by coefficient C 
to the prismatic coefficient in the table given in the paper. 

This entails the assignment of new values to coefficient 0, somewhat 
as follows ; — 



Diapluemeat CoMBiiiHit. 



OoaQclnilO. 



The values of coefficient C in the new table are about the average 
ones that would occur in practice. 

It will be seeu that the effect of fineness of ends, as measured by 
displacement coefficient x coefficient C, in reducing the bending moment 
though still present is thus considerably modified, and Mr. Hok's 
objection on this score is also met. 

With regard to the results communicated to the Institution by M. 
iiinrl, niifi rcfi'LTcd to by Mr. Hok, thu two vessels uomam>d i 
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decrease in the topside plating. In regard to coefficient, a fine-ended 
ship is practically shorter than a full one of the same absolute length. 
The mean length, as expressed by length x coefficient of load water-line, 
though not quite satisfactory would be a fairer standard for the regulation 
of assumed height of wave, etc., than length itself. Moreover, the 
dipping motions, which within certain limits appear to be favourable to 
the strength, are proportionally greater in fine vessels than in full ones. 

Referring to the remarks of Mr. Caws, the writer would point out that 
to obtain the best results as regards speed with a given horse-power, fine- 
ness of ends must be associated with suitable lengths of entrance and 
middle body. It sometimes happens that a full ship with entrance and 
middle body suited to the speed will give a better result than a finer one, 
where these lengths are too great or too small. If the wave lengths be 
properly taken into consideration the sharp-ended vessels always have the 
advantage. 

Mr. Amison's remarks seem to show that he is in general agreement 
with the principles embodied in the now corrected number. 

The President expressed doubts as to whether a fine ship could be 
made less expensive than a full one of rather greater displacement and 10 
feet less breadth, looking on the former as a lai^er vessel. The answer 
to this is that size is not necessarily to be measured by moulded dimen- 
sions, and as an illustration it may be remarked that a box 1 foot square, 
if turned round 45 degs., would measure 1*4 by 1*4 feet over the corners. 
The gain on the broad ship will be materially modified if the number in 
its new form be accepted, but a gain may still be expected. The 46 feet 
ship is an exaggerated case given to illustrate possibilities, and, needless to 
say, the writer would not advocate such an extreme case in practice. 

The writer considers that Mr, A. Cruickshank oversteps the bounds 
of legitimate criticism and good taste, and that his remarks themselves are 
more than unfortunate. A more careful mathematical treatment of the 
quantity >/600 x 1*78 will show him that it does not give 48*6, but a 
figure very like the 82*8 obtained by his own elaborate calculation. Pro- 
bably some of the other minor inaccuracies referred to may be similarly 
cleared up when more carefully looked into. The ^vriter is pleased to find 
him endorse the general views underlying the paper, and can cordially 
re-echo his hope that other members of the Institution may turn their 
attention to the establishment of a satisfactory classification basis. 

In answer to Mr. Muir, the writer wishes to remark that his (the 
writer's) proposal to apply the vibration number to regulate the scantlings 
of swift and shallow sea-going steamers was rather a tentative one. Its 
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tmplojment woold have to be preceded by a qnantitative investigation 
into the vertical motions of shipe in a sea-waj, and into the strains which 
these are likely to pi-odnce. Meanwhile the writer has made a correction 
in it by striking out breadth from the nomerator, and would remark that 
the correction in coefficient C would eventually apply here as well as in 
the static number. Probably in applying this number the other set of 
stntins dealt with by the Btatic number would still have an important 
influence on the scantlings, though lees than in ordinary shipe. 

Ill answer to Mr. Kendall, the factor of safety for the material of any 
part of a ship is an unknown quantity. The classification societies know 
by uxperiunce that material of a given thickness applied to a certain part 
of a given sized ship will not break nor show signs of straining under 
ordinary conditions of work. The factor may be 3 or 6. All that is 
known is that the thlcknesB of material is not less than enough. Length 
X coefficient C (as now altered), while not theoretically exactly correct, 
is adopted in the proposed number as being a quantity easily obtainable, 
and at the same time a more correct factor in the meaanrement of the 
striiins on a ship than the actual length would be. 

Kir. Kendall's objection, that the writer has aasnmed the vessel poised 
lit the centre has already been met by the proposed alteration in the 
iiumlt-rs. In regard to the boat increased from 36 feet beam to 46 feet, 
the increased weight of the transverse parts might exceed 15 tons some- 
what, but need not do bo to the extent assumed by Mr, Kendall. The 
lieams the writer proposes to regulate each by its own length squared. 
With certain limitations this would be feasible and reasonable. The end 
l)eiiiiis would become lighter and the midship ones heavier. The same 
tiling' iiiif;!it iH.'ilmprt l* done witli the frames and revei-sf frames, and. as 
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In conclusion, he wishes to say that he did not approach the subject 
in any such reckless a manner as that attributed to him by one of the 
speakers. He consented at the invitation of the Council to put his 
ideas on bases for classification in the form of a paper, provided he 
could get some local member to join him in the work. Unable to get 
help in what proved to be a. very large subject, he gave what he could 
rather than disappoint the Council. While sensible of shortcomings 
in his work, he still holds his method of treating the problem to be a 
right one, and the establishment of numbers such as those proix>sed, 
modified, it may be, as further investigation may show to be necessary, 
to be perfectly feasible. He hopes to have helped to advance the subject 
a step, and to have pointed out roads that may lead to a final solution 
of the problem. 



FltOCKSDnGS. 



CLoanfG BtrsuTEas. 



ApponmnsT op AcDmnL. 
Mr, JoHT Oravh-l moved, and Prof. R. L. Weirhtos seconded. 
that Mr. R. W. Htusas be reappointed Aadicor. — Agretd. 

Result op Ballot to pill r? TACAacns. 
The PRFJrtDYWT said he had now to declare the result ot the bsQot 
to fill np vacancies !a the Coaodl, the order being alj^beticaDj giren : — 

yrMui***— AWernHUk Thob. RiCiumi>«os, B.A., J.P. (HartlepooQ. 

Vire-Preiiident* — Mr. J. R. Fotbibsiu, Mr. HcsH Macoll, and 

Prof. B. L. WnsHiov, If A . 

Ilmt. Treamrer—Ur. O. E. IQcaitkt. 

fnunril—yir. J. H. RnxoLMOir. Mr. H. Bowkll, Mr. A. G. ScaAirraR, 

Mr, 0. W. SirnnieiiT, and Mr. J. E. Stoddikt. 

TIk; Cnancil had also elected Ur. M, Sasdi30!t as Vice- President 
in [ilact of Mr. J. F. Walliker, who had resigned. 

Thk New Peksidest. 

The retiring pRESiDEirr (Mr. Robert Thompeon) said it was his 

plctiHitrc now to ask Mr. Aldennan Thomas Richardson to take tbe chair 

for tilt enaninj; year. He was quite snre they wonld give their new 

F'rcHiiicnt all the lielp they had afforded himself. He bad great pleasure 
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that the value of this Institution was an increasing one. He felt that 
in electing him as their President for the coming year they had had a 
particular desire to confer an honour on a district in which a great many 
of not the least valuable members resided. He might have had some 
anxiety in assuming the position ; but he felt sure of this, that he should 
have the valuable assistance not only of those who preceded him in the 
chair, but also of the Vice-Presidents and members of the Council, and 
when they looked at the gentlemen who had filled those offices, he 
thought they would all agree with him there were some amongst them 
they might reckon as giants in the interests of this Institution. He 
felt that he could rely upon their cordial assistance and also upon the 
members generally, and therefore that removed from him a very great 
anxiety, and it only remained for him to aasure them that he should do 
his best in the interests of the Institution. He had the example of the 
President who had just vacated the seat, and also those who had gone 
before him, and he could assure the members that he would take them 
as his example, and to the best of his ability in no way allow the 
prestige of this Institution to be lowered. He could only hope it might 
be his good fortune to see in his time the position and prestige of the 
Institution greatly increased. 

VoTB OF Thanks to Retiring President. 

Mr. F. C. Marshall (Past-President) said the President would pardon 
him as one of his predecessors if he took the liberty, in the name of his 
colleagues and of the Council, to congratulate him upon his acceptance of 
the presidency of that Institution. His duty in rising to speak before 
him on the first occasion was a very simple one, it was to propose a vote 
of thanks to his predecessor, Mr. Robert Thompson. The acclamation 
with which this proposal had been received was a sufficient commendation 
of Mr. Thompson and the services he had rendered to the Institution 
during the last two years. He had been most assiduous in his duties, 
and had served the office of President in a very valuable and very 
interesting way. They had frequently had opportunities of meeting, and 
there was nothing Mr. Thompson could have done to advance the 
interests of the Institution that he had not done. He only expressed the 
feelings of the Council and members in moving a very hearty vote of 
thanks to Mr. Thompson for his services in the chair. 

Mr. Wm. Boyd (Past-President) seconded the motion. He could 
only regret that he liad not boon able to form an estimate of Mr. 

VOL. X.~1AM. 25 
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Robert Tbompson's servicee to this Institntion by that attendance 
at the General Meetings which, perhaps, might have been thought 
necessary to form an adeqnate opinion ; but he had attended a good 
many Council meetings, and he wished to remind them that the 
work of the President of the Institntion was by no means limited 
to taking the chair at such meetings as this. There was a very 
great deal of work went on " behind the scenes," which did not appear to 
the outside public or ordinary members of the Institntion, but which was 
none the less necessary and valoable for the pn^reaa of such an Institn- 
tion as this. It appeared to him that althoi^h the Institntion had no 
doubt attained a very great measure of success, its opportunities for nsefnl- 
ness and the place it had to occupy, and could occupy, in the scieutific 
world in futnre, was none the less important, and, in fact, was of growing 
importance. They saw around them on all sides tendencies by which the 
energies of those who busied themselves with engineering and other 
industrial pursuits, bad their efforts contracted by "labour" doing as little 
as it possibly could. Not as much as it possibly could, bnt as little as it 
possibly could, and if the mannfacturing districts of the country were to 
hold their own they must rely upon laboor-saving appliances, they must 
rely upon means for developing mechanical appliances for taking the place 
of mere manual operations, and in the devising of such appliances, and in 
perfecting such means as would take the place of ordinary unskilled labour, 
there was an enormous field open to the members of this Institntion. 
He cordially recommended that field to their attention, and he could 
a^ure them that those who were interested in the industrial produc- 
tion of this country would welcome with open hands any advantt^s 
or any appliances that they nught bring before their notice. No 
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had been a pleasure to him to look after the interests of the Institution. 
He had tried all through, in every way he could, to uphold the prestige 
of the Institution, and, where possible, to enlarge it. He also felt that 
the assistance of the Past-Presidents, Vice-Presidents, and Councilmen 
had always been readily given, and he had always tried at their meetings 
to gauge their opinion so that the Institution would be carried on as by 
the Council through the President. He was very glad his course of 
action met with their approval, for it enabled him to feel that night 
that he had done his duty, and that it had been performed agreeably to 
their feelings. He was sure the President would get valuable assistance 
from the Past-Presidents, Vice-Presidents, Councilmen, and last, but not 
least, from their Secretary (Mr. Duckitt). He was most indefatigable in 
his work, and if the President was a little behind, he would undertake to 
say the Secretary would keep pulling him on. It had been his experience, 
and he had benefited by it. He was sure the Institution would progress. 
He was glad Mr. Boyd had referred to mechanical appliances for the 
saving of labour, and thought they might have papers on the subject, 
especially considering the way trades unionism and labour questions were 
turning. He thought they might have a very good paper on the subject 
(and he trusted some members of the Institution would take the hint) 
which might be scientifically discussed both from the shipbuilders' and 
engineers' point of view. He had to thank Mr. Marshall, Mr. Boyd, and 
the gentlemen present for the hearty way in which they had carried this 
vote. 

Vote of Thanks to the Retiring Vice-Presidents 

AND Councilmen. 

Mr. Robert H. Muir said he had been asked to propose the thanks 
of the Institution to the retiring Vice-Presidents and Councilmen. As 
Mr. Thompson had assured them they had always been ready to give him 
assistance wherever necessary. It was always necessary to have a head to 
any association, but the head alone could not do everything, and the Vice- 
Presidents and Councillors had worked very assiduously, he was sure, in 
assisting Mr. Thompson during his two years of office. He was a com- 
parative stranger, but perhaps on that account could take a more inde- 
pendent view of their position, and he could say that the attention given 
to their meetings and the quality of the papers were most commendable. 
He hoped that the newly-elected Vice-Presidents and Councilmen would be 
no less helpful and useful than those to whom he now moved their best 
thanks. 
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with steam cylinders 2 feet 11 incliea diameter, and blowing cylinders 
6 feet 7 inches diameter, and 8 feet stroke ; and the fourth pair with 
steam cylinders 3 feet 1 inch diameter, and blowing cylioders 7 feet 
6 inches diameter, and 7 feet 11 inches stroke. , 

At present six furnaces are in blast, prodncing Bessemer p^-iron, 
of which the average yield per furnace is about 750 tons weekly, but as 
much as 910 tons in a week have been obtained from one fomace. 

The largest proportion of the iron ore used is procured (roni the 
Company's mines near Bilbao, in Spain, but quantities of other high 
class mineral are also used in conjunction therewith. 

The waste gases are utilised for heating the stoves and in raising 
steam for driving the blast engines. There are alt(^ther some 31 
boilers in connection with the blast-furnaces, 19 of them egg-ended, and 
12 doable tubular. 

Wlien iron plates were exclusively used for shipbuilding purposes 
the plant of the Company was almost entirely devoted to the manu- 
facture of plates of this material, aud for this purpose they bad 170 
puddling furnaces and seven plate mills, and turned out about 1,900 
tons of iron ship plates weekly, but with the lai^e aubstitotion of 
steel for iron some portions of this plant have become obsolete, whilst 
others have been modified for the purpose of producing steel, and at the 
present time there are only 40 puddling furnaces and two plate miHH for 
the production of iron plates. These latter are at the old " Tinmill " 
woi'ks, at which place also iron chequered plates are rolled. 

The Company commenced the manufacture of Siemens steel in the 
year 1883, in a small way at first, gradually extending their operations 
until they have now become one of the largest makers of the kind in this 
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VISIT TO THE CONSETT IRONWORKS. 

In response to the kind invitation received by the Council from 
Messrs. The Consett Iron Co., Limited, a visit was paid to the above 
works on Thursday, July' 19th. 

About 250 of the members availed themselves of the opportunity 
granted, and a special train, which left Newcastle at 11*45 a.m., was 
provided to convey them to Consett. On arrival at the works the party 
was divided into three companies, and under the guidance of Mr. George 
Ainsworth (general works manager), Mr. Hy. Holliday (secretary and 
commercial manager), and the other officials, the whole of the various 
processes of manufacture were inspected and explained. 

The works of this Company were originally established in 1840. 
They are situate at Consett, about midway between Newcastle and 
Durham, on the Derwent Valley branch of the North Eastern Railway. 
(See Plate XXX.). 

The staple trade is iron and steel plates, and steel angles, bars, etc., 
besides which the Company are large coal-owners and manufacturers of 
coke, both for consumption at their own blast-furnaces and for sale. 

The present capacity for weekly output is as follows : — 

Iron plates 500 tons. 

Steel plates 2,500 „ 

Steel angles, etc. 1,500 „ 

4,500 tons. 

The Company's coal-field covers an area of 13,000 acres, and at the 
present time ten collieries are in operation, seven of them in the neigh- 
bourhood of the works, two at Langley Park, near Durham, and one at 
Garesfield. 

The annual quantity of coal raised is about 1,000,000 tons, which it 
is expected will be considerably increased when the more recently 
acquired properties on the north side of the river Derwent have been 
opened out. 

There are upwards of 1,000 coke ovens in operation, the annual 
output being about 500,000 tons. 

The Company's blast-furnace plant consists of seven furnaces 55 feet 
high by 20 feet diameter of bosh, equipped with Cowper's and Whitwell's 
fire-brick stoves for heating the blast, which enters the furnaces at a 
temperature of about 1,800 degs. Fah. 

There are four pairs of beam engines for raising the blast for the 
furnaces ; two pairs with steam cylinders 4 feet 2 inches diameter, and 
blowing cylinders 8 feet 4 inches diameter, and 9 feet stroke ; one pair 
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cairring tbe plates in [HvoeaG of nuDnfactore ftnm the ronghing to the 
fini ahing nJIs. The aTer^e weekly prodnctioD of 'finished Bt«el plates Id 
this mill alone is aboot 1,100 tons. 

The angle nuUa, whidi are of lecent constnictioD, are contigDons to 
the DOTtb melting shop almdj alluded to, and cover an area of about 16 
acres. Tbey are provided with tbe moa modem plant and machineiy, 
consisting of a 45 indies cogging mill, wiUi bloom catting shear, and a 
32 inches, a 2i incties, and a l± inches gntde mill, all with their necessary 
engines, Uve roller gear, billet skids, heating fntnaces, boilers, hydraulic 
plant, overhead cranes, hotaws, biUet and scrap cutting shears, bar banks, 
and bar skids, together with the other needfnl accessories, the whole being 
designed for a prodnction of 1,500 tons sectional steel of every description, 
such as angles, tees, bulbs, channels, girders, round and square bars, etc. 

The Company have also large engineering shops, foundry, locomotive 
and wagon repairing shops, and well equipped laboratory, in connection 
with the works. At their brickworks 120,000 bricks are tamed out per 
week. 

They own about 2,700 cottages at Gonsett, Blackhill, Leadgate, and 
the oatlying districts, and em]^oy apwards of 6,000 hands, the wages at 
prcEent paid amoanting to £8,000 per week, or £416,000 per annum. 
Besides having miles of railway of their own, they contribate to the 
Korth Eastern Railway Company in does, the lai^e snm of £150,000 
annually. 

The tonr of tbe works having been completed, the members were 
conveyed to the Consett Town Hall, where a somptuous luncheon was 
provided by the Gompimy, presided over by the Chairman (David Dale, 

q.)- 
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must tend to failure. The works were established in 1840 by a private 
partnership under the name of the Derwent Iron Company, which was 
formed for the purpose of working the local coal and the ironstone 
associated therewith, and converting the latter into pig iron and the 
pig iron into rails. The partnership, however, unfortunately did not 
include anyone who had experience in the kind of business to be 
carried on, and it possessed what persons were too readily in the habit 
of regarding as an unqualified advantage, a very liberal banker. Inex- 
perienced and with unlimited banking accommodation the works were 
so erected, so extended, and so conducted as that they came to owe 
their accommodating banker nearly a million of money, and on the 
Northumberland and Durham District Banking Company, who had 
afforded this accommodation, stopping payment in November, 1857, 
the Derwent Iron Company had to suspend payment also. The works 
then passed under the control of a committee of creditors, of whom he 
(the Chairman) was one, and it was in this manner that his connection 
with Consett was established about thirty-six years ago. An attempt 
was made by a combination of the shareholders of the bank, under the 
headship of the late Mr. Christian AUhusen, to acquire the works, and 
they were for a few years carried on under the name of the Derwent 
and Consett Iron Company by that combination, but still under creditor 
supervision. Ultimately, in 1864, just thirty years ago, the present 
Consett Iron Company was formed, with the late Mr. Henry Fenwick 
and Mr. John Henderson as chairman and vice-chairman, and with the 
late Mr. Jonathan Priestman and himself (Mr. Dale) as joint managing 
directors. On Mr. Priestman's retirement in 1869 the directors were 
fortunate to secure the services of Mr. William Jenkins as general 
manager, and to that gentleman's great experience, gained at the 
Dowlais ironworks in South Wales, to his ability and untiring devotion 
to the company's interests, the success of the past twenty-five years and 
the present position of the company is largely due. Almost concuri-ently 
with the engagement of Mr. Jenkins there came into the company's 
service Mr. Richard Evans as secretary and commercial manager, and 
the company had sustained an irreparable loss in the death of that 
gentleman a few months ago. Those who knew Mr. Evans would Ixist 
realise how great that loss was. He (the Chairman) had that day to 
introduce to them Mr. Evans's successor, Mr. Henry HoUiday, a gentle- 
man not altogether unknown, he felt sure, to many present. It was, 
he knew, a matter of regret to them all that Mr. Jenkins's healtli liad 
seriously failed, and that he was now obliged to abstain entirely from 
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actention to busmeBs. Under these circumstanoes Mr. Ainsworth, who 
had also be^i aboot a quarter g[ a oentmy in the services of the com- 
paiiT« had had placed upon him the responsibilities of general works 
manager, and he did not doabt that if Mr. Jenkins proved nnable or 
thought it impmdent to resome managing responsibilities these two 
gentlemen, Mr. Ainsworth and Mr. HoUidaj, wonld unitedly sustain 
the prestige of the Consett Iron Company, and secure for it in the 
futuie the reputation and success which it had earned in the past. He 
trusted that the visit paid to the works that day had been one of interest 
and pleasure, and he again accorded to the guests of ihe day a hearty 
welcome. 

Mr. Alderman Thos. Richardson (President of the Institution), in 
acknowledging the handsome way in which they had been treated by the 
company and its oflScials, expressed the pleasure it gave him in proposing 
^^ Continued success to die Consett Iron Company.^' In this he was ably 
supported by Mr. Robert Thompson (die immediate Past-President.) Mr. 
Thomas Bainbridge having respmded on behalf of the directors of the 
company, and Mr. Ainsworth and Mr Holliday on behalf of the ofiScials, 
the whole party, after having spent a pleasant and instructive visit, 
repaired to Consett railway station for the return journey to Newcastle. 
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CATALOGUE OP BOOKS, TRANSACTIONS, AND PERIODICALS IN 

LIBRARY, JULY, 1894. 



(1.) Transactions of Lbabnbd Societies. 

American Society of Mechanical Engineers, New York City, N.Y., Vol. I. to date. 

American Society of Naval Engineers, Navy Department, Washington, U.S. of America, 
VoL I. to date. 

Canadian Society of Civil Engineers, Montreal, Canada, Vol. I. to date. 

Civil and Mechanical Engineers, 1888-89. 

Cleveland Institution of Engineers, Middlesbrough, 1889 to date. 

Engineering Association, Sydney, New South Wales, Australia, Vol. I. to date. 

Engineers and Shipbuilders in Scotland, Glasgow, Vol. III. to dat«. 

Genio Civile, Roma, Vol. XXII. to date. 

Hull and District Institution of Engineers and Naval Architects, Hull, Vol. I. to date. 

Institution of Civil Engineers, London, Vols. XVII., XXL, XXVI. to XXXIV. 
(inclusive), L., LIII., LIV., and LXXIX. to date. 

Institution of Civil Engineers, London, 7 Volumes Pamphlets, 1837, 1852. 

Iron and Steel Institute, London, 1885 to date. 

Junior Engineering Society, London, 1884 to date. 

L'Association Technique Maritime, Paris, Vol. I. to date. 

Liverpool Engineering Society, Liverpool, Vol. I. to date. 

Liverpool Polytechnic Society, Liverpool, 1865, 1866, 1867, 1868, 1873, and 1887 to date. 

Manchester Association of Engineers, Manchester, 1883 to date. 

Marine Engineers, Institute of, Vol. I. to date. 

Mechanical Engineers, London, 1885 to date. 

Midland Institute of Mining, Civil, and Mechanical Engineers, Bamsley, 1884 to date. 

Naval Architects* Institution, London, Vol. I. to date. 

North of England Institute of Mining and Mechanical Engineers, Newcastle-upon- 
Tyne, Vol. XXXIV. to date. 

North-East Coast Institution of Engineers and Shipbuilders, Vol. I. to date. 

Philosophical Society, Glasgow, Vol. XIX. to date. 

Royal Dublin Society, Dublin, TVansttotiatu, Vol. III. to date; ProceedinjSy Vol. IV. 
to date. 

Society of Arts, London, Vol. XXX Vll. to date. 

Society of Engineers, London, 1884 to date. 

Soci^t^ des Ing^nieurs, etc., de Li^ge, Bulletin, 1885 to date ; Aunuaires, 1885 to date. 

Soci^t^ Scientifique de Marseille, VoL I. to date. 

South Wales Institute of Engineers, Cardiff, 1884 to date. 

United States Naval Institute, Annapolis, Maryland, U.S. of America, 1886 to date. 



(2.) Tbohnical Joubnals akd Psbiodicals. 

Electrical Engineer, London, VoL III. to date. 
Electrical Review, London, Vol. XXIV. to date. 

Engineering, London, Vols. IV., V., and VI., XX. and XXL, XXV. to XXXII., and 
XXXIV. to date. 
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Indian Engineer, Calcutta, British lodift, Vol VII. to date. 

Indian Engineering. Calcatta, Britiih Indi., Vol. III. to daU. 

Liduitriei, London, Vol. I. to 1893. 

Indttitriei and Iron, London, 1893 to date. 

Iron, London, 1888 to 1893. 

Iron and Coal Tradei Sevie«, London, Vols. XXXVI. Uid XXXVII. onlj. 

Journal de La Marine U TaeM, 1892 to date. 

Marine Engineer, London, Vol. VII. to date. 

Mechanical World, Manchester, 1886 and 1889 to date. 

Rftnila Marillima, Rama, Vol. I. to date. 

Shipping World. London, Vol. IV. to data. 

SlaM und Siien. DuBseldorf, Vol. IX. to date. 

Tie EleetHcian, London, Vol. XXXI. to date. 

The Engineer, London, Vol. LIX. to date. 

Tie Mechanicf Magazine, 1864-1866 (3 voU.). 

The Practical Engineer, Manchester, Vol. I. to date. 

Tie Practical Mechauicr' Journal, London, 186S to 1870 (4 voU,). 

The Steamehip, London, Vols. I. and II. 

The Sttamtiip, Leith, Vol. I. to date. 

Trantporf, London, VoL II. to date. 



(3.) OUdBAI.. 
(a.) Enffinsering and Mevhaniaal. 

Ap[ilied Mechanics 

Do. 

Boilers and Boiler Making 

Boilers, their Construction and Strength 

Bridge Constrqction 

Bureau of Steam Engineering (U.S.A.), Report of 

Hurvau Veritas— Report on Steel 

Chemical Analysis of Iron 

Civil Engineering 

Kli'inents of Machine Design (i vols.) 



Prof. Rankine 
J. H. CotteriU 
N. P. Bu^h 



1873 

1888 
1887 
J9-9D 
1878 



Blair 
Prof. Rankine 

Unwin 
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Iron and Steel Industries, Report on, in Foreign Countries 

JLmSJtk XwvvXB ••• ••• ««• ••• ••• ••• ••• 

Machinery and Millwork 

Manual of Machine Drawing and Design 

M anual of Marine Engineering 

Manufacture of Iron and Steel, Principles of 
Marine Boiler Management and Construction ... 

Marine Engineering (2 vols.) 

Marine Propellers (3 copies) 

Marine Steam Engine 

Materials of Engineering (3 vols.) 

Mechanician, The 

Mechanical Graphics 

Mechanical Text Book 

Mechanical Engineers' Reference Book 

Mechanics of Machinery 

Metallurgy of Iron, Treatise on 

Metallurgy of Steel 

Metallurgy ... 

Metals : Their Properties and Treatment 

Mill Gearing, etc. ... ... ... ... ... 

Modem French Artillery 

Modern Marine Engineering (2 vols.) 

Papers Read before the International Engineering Congress 

(I set, 2 vols.. Marine Engineering and Naval Architecture. 

1 set, 2 vols., Civil Engineering) 

Pocket Book on Boilers 

Practical Magazine ... ... ... ... ... 

Report of Boiler Committee 

Rules and Tables .>. ••• 

Rules, Tables, and Data for Mechanical Engineers 

Ova v^v 1 rOPBilW' ••• ■•• •■• ••• ••• ••• •»• 

OUUo ▼ n* V 6 ••• ••• ■•• ••• ••• t«« ■•• ••• 

Steam and the Steam Engine, Text Book on 

Steam Eng^e ... 

mJOw 14 VOIB.^ ... ... ... ... .«• 

J^r V. ... ... ... ... .a. ... 

Steam Boilers ... 

X^V* ••• ••• ••■ ■■• sat ••• 

Steam Engine ••■ 

Steam Eng^ine and the Indicator 

Struns in Stmctares 
Strength of MateriaU 

A^W« UU» ••• •■• ••• • 9 • ••• 

Strength of Iron Pftrts of Steam Machinery 

Strength of Beams and Colamns 

Stmctnrea, Dewgn of ... ... ... ... ... 

Substitution of Metal for Wood in Railway Ties, Report on 

Testing Materials of Constmction 

Theory of Stresses ... ... ... ... ... ... 

1 ur Dine, ^ ne ■«. ••• ... ••• ••• ••• ••• 

T aive \ji(S9m o ... ... ... ... ... ... ... 

Wire, Its Mannfactare and Uses 



A. T. Walmsley 

Prof, Rankine 

D. A. Low & A. W. Be vis 

A. E. Beaton 

I. L. Bell 

..('. E. Stromeyer 

W. H. Maw 

S. W. Barnaby 

R. Sennett 

R. H. Thurston 

Knight 

G. Halliday 

Prof. Rankine 

N. Foley 

Kennedy 

... H. Bauerman, F.G.S. 

H. M. Howe 

... Phillips & Bauerman 
... C. L. Bloxham 
... T. Box 

Dredge 

N. P. Burgh 



T. W. TrwU 



... Prof. Rankine 

D. K. Clark 

W. Bourne 

... N. P. Burgh 

A. Jamieson 
...G. C. V. Holmes 

D.K.Clark 

... J. H. Cotterill 

R. Wilson 

... R. H. Thurston 

... Prof. Rankine 

Le Van 

G. A. T. Middleton 

T. Box 

Unwin 

Van Buren 

Cousin 

Anglin 

B. E. Fern on 
W. C. Unwin 

B. B. Stoney 

W. Cullen 

J. F. Klein 

J. B. Smith 



1888 
1887 
1893 
1889 

1884 



1891 
1885 
18&4 
1888 
1889 
1884 
1891 
188G 
1890 
1890 
1891 
1885 
1888 
1892 
1872 



1893 
1888 

1893 

1889 

1890 

1867 

1868 

1889 

1890 

1890 

1890 

1879 

1888 

1888 

1890 

1889 

1888 

1888 

18G9 

1889 

1891 

1890 

1888 

1886 

1871 

1884 

1891 
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(ft.) SUpMldimff, etc. 

AnnaU at Lion's Register 18M 

British Corporotion for the Sarve; and R^gtr; of Sbiptntig..- Olatgor 1893 

Bureau Veritas Register of Shipinng 1387 to date 

German Lloyd's International Reftister of SMppinit 1891todate 

Qermaii Lloyd's Rules and R^nlatioDS 1S91 

Illustrated Marine Encyclopedia H. Paasch 1890 

Keel to Truck „ 1885 

Lloyd's Raster of Britisb and Foreign Shipping (2 vols.) ... 1891 to date 

Lloyd's Rules and K^ulations 1891 „ 

Modern Shipbuilding and the Men Engaged in it D. Pollock 1884 

Naval Architecture, Manual of W. H. White 1889 



Do. 



do. 



Lord Brasse; 1S86, 1687, 1 



Kavol Annuals 

Naval Science (4 vols) 

Report of the Committee on the Spacing and Construction of 

Watertight Bulkheads 

Itesiatance of Ships and Screw Propulsion 

Shipbuilding, Theoretical and Practical .. 

Shijibuilding (2 vols.) 
Shipping World Year Book 

Stability of Shipa 

Do. 

Steam Navigation 

Yacht and Boat Suling 

Yacht Architecture 



(o.) BUetrieal. 
Dynamos, Alternators, ftnd Tnuuformen... 
Djiiometcrs and the Measurement of Power 

Dynamo Electric Machinery 

Dynamo Electric Machines 

Electro Magnet 

Electricity and Magnetism (2 vols.) 



1881 

D. W. Taylor 1893 

Prof. Rankine 1S66 

Thearl 1886 

1887 

Sir E. J. Reed 1885 

J. C. Spei'ce 1884 

B. Woodcraft 18«t 

D. Kemp 1891 



Kapp 1893 

Fbither 1892 

Thompson 1892 

Hering 1890 

Thompson 1891 

J. C. MaxwoU 1881 
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Duties of Executors 

Elements of Projective Geometry 

Foreign 0£Sce List 

Geology of England and Wales 

Handbook to Industries, N. E. District of England 

Imperial Journal (8 vols.) 

Industrial Resources of the Ty ne, Wear, and Tees. . 

Ajlgnir ••• ••• ••• ••• ••! ••! •« 

Management of an English Riulway 

Marine Transport of Petroleum 

Miscellaneous Scientific Papers 

Practical Treatise on Petroleum 

Record of the International Exhibition, London.. 

River Tyne, History and Resources of 

Royal Atlas of Modern Geography 

Service Chemistry 

The Spectator 

Water-Gas Plant, a description of 

Water Ways and Water Transport 

Year Book of Scientific Societies 



F. W. Dendy 1889 

Cremona 1885 

... ... looD 

H. B. Woodward 1887 
W. Richardson 1889 

■ • ■ • a ■ 

Lord Armstrong and others 1864 

L. Wright 1882 

G. Findlay 1891 

Little 1890 

Prof. Rankine 1881 

B. J. Crew 1887 

• • • ... loO^ 

J. Guthrie 1880 

T.B.Johnston 1894 

V. B. Lewes 1889 

S. Fox 1888 

Jeans 1890 

1890 to date 



(tf.) Biographical, 



Lives of Brindley and others 
Boolton and Watt 
William Denny 
Metcalf and Telford 
James Nasmyth ... 
Smeaton and Bennie 
G. and R. Stephenson 
R. Trevethick 



» 



»f 



» 



»» 



n 



>» 



»» 



Diaries of Sir Daniel Gk)och, Bart. 



Smiles 1874 
1878 
A. B. Bruce 1889 
Smiles 1874 
1885 
1874 
1879 
P. Trevethick 1872 

1892 






(/.) DieHonaries. 

Annandale*8 Concise English Dictionary ... 
Dictionary of Engineering (4 vob.) (2 sets) 
Dictionary of Terms relating to Iron 
French and English Dictionary (2 vols.) . 
German and EngUsh Dictionary ... 
Italian and English Dictionary (2 vols.) . 
Spanish and English Dictionary ... 
Technological IHctionary (3 vols.) ... 



Spon 

A. Tolhausen 

L. Smith &> H. Hamilton 
...Theime-Preusser, E. Wesseley 

Millhouse 

Bustamantes 
A. Tolhausen 



1891 
1874 
1870 

1882 



1890 
1883 



Sundry Business Directories. 
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American Societj of Cifil Bonineera, 127. Bast Tnent^-tliird Street, New Tork, 0.8.A. 

American Sac. of Mechanical Engineers, 12, West 31 BtTeet, New York a^, N.y. 

American Society of Naval Engineers, Nav; Department, Waahm^n, U.S. of AmeriCM. 

Bureau of St«am EnKinecrinf;, Uaiy Department, Wasliingt«n, U.S. of America. 

Bureau Veritas, 8, Place de la Bourse, Facia. 

Cannrlinn Society of Civil Eagiuecrs, 112, Mansfield Street, Uontreal, Canada. 

Cleveland Institution of Engioeera, Micidlesborough. 

Engineering Association, 34, Jamiesnn Street, Sydney, New South Wales, Australi*. 

Engineers and Shipbailders in Scotland, 20T, Bath Street, Qlasgow. 

Qenio Civile, Alia Direzionc della Bibliotica, e dell' Arehivio tecnico, del Uinistero 

dci Larori Pubbtiai, Roma. 
Germanischer Lloyd, 62, Markgrafen Str., Berlin, W, 
Hull and District Institution of Engineers and Naval Architects, 113, Londesborongb 

Street, Hull. 
Inetitution of Civil Engineers, 2S, Qreat Oeorge Street, Westminster, Ijindon, S.W. 
Iron and Steel Institat«, Victoria Mansions, Victoria Street, London, S.W. 
Junior Engineering Society, 47, Fentiman Road, London, S.W. 
L'Asaociation Technique Maritime, 8, Place de la Bourse, Paris. 
Liverpool Engineering Society, Royal Institution, Golquit Street, LiverpooL 
Liverpool Polytechnic Society, Royal Institution, Colquit Street, Liierpool. 
Lloyd's Register of British and Foreign Shipping, 3, White Lion Court. Cornliill, T.nndon. 
Manchester Association of Engineers, 63, Barrett Street, Old Trafford, Manchester. 
Marine Engineers' Institute, 68, Homford Boad, Stmtfonl, Essex. 
Marino Engineers' Union, Newcastle-upon-Tyne. 
Marine Engineers' Union, South Shields. 

Mechanical Engineers, 10, Victoria Chambers, Westminster, London, S.W. 
Midland Institnte of Mining, Civil and Mechanical Engineers, Kldon Street, Bamaley. 
Naval Architects' Institution, G, Adelphi Terrace, Tendon. 
North of England Institute of Mining and Mechanical Engineers, Neville Hall, 

Newcastle. apon-Tyne. 
Philosophical Society, 207, Bath Street, Glasgow. 
Royal Dublin Society, Kildare Street, Dublin. 
Society of Arts, John Street, Adelphi, London, W.C. 

Society of Engineers, 6, Westminster Chambers, Victoria Street, London, H.W, 
Sociitii dcB Inginieurg, Jtc, de Li*ge— Boulevard Savey, 20, ii(ige. 
Soct£t<! Scientifique Indnstrielle de Matseille, 61, Roe Paradis, Marseilles. 
South Wales institution of Engineers— Hort Huxban, Esq., Hack Phkce, Cardiff. 
United States Naval Institution, Annapolis, Maryland, U.S. of America. 

The Institution Is also placed on the Free List of the 
following Publications, copies of which lie on the 
Tables In the Reading Room:— 
Bteetrieel Engineer, 139, Balisbucy Court, Fleet Street, London, E.G. 
EUctritat Beviete, 22, Paternoster Row, London, B.C. 
Engineer iiig, 35 and 36, Bedfocd Street, Stcand, London, W.C. 
EnffUferi' Oatellr, Pnidonlial Buildings, NcwcaslIe-upon-Tyne, 
Jiiilian Eiiglneei', 4, Dnlliouaie Buuace, Calcutta, British India, 
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} Energy is absorbed by Fixed Centre. 



i PROOF BT LEVERAGE. 



j 

pal speed. 




ROLLER. 

Lever of D*8 horizontal speed = v,. 
„ W's vertical „ - A,. 
0, » 2A, .'. horizontal speed » 2 x vertical speed. 



^ BY ACCELERATION, 

i 
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\A Pulley. Accel. = g, 

I velocity of W = 1. 

= 1. 
if W per unit of power = J = 1. 



i Pulley. 



Accel = \. 



I velocity of W = '707. 

D = 707. 
= -707. 
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►f W per unit of power = f^ = 1. 

= 1. 
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Roller. 



Accel = ^. 



\ velocity of W = 4472. 
^tal „ „ D = -8944. 

= -4472. 
)f W per unit of power = -Iffl = 1- 

D „ „ = :m^ = 2. 
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FIG. 3. 
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A. GENERAL OFFICES. 

B. BLAST FURNACES. 

CI. PUDDLtNQ MILLS (Conmtt.) 

C«' „ „ (Tim Mill.) 

D. MALLEABLE IRON PLATES (Tin Mill.) 

El- WEST MELTING SHOP. 

E«- EAST 

E»- NORTH 

F«- No. 2 STEEL COQQINQ MILL. 

F«- No. 4 „ „ „ 

Qi Not. 1 A 2 STEEL PLATE MILLS. 

Q>- Not. 8 A 4 „ „ 

H. ANQLE MILLS. 

GAS PRODUCERS (.Wbst Shop.) 

(East Shop.) 
(North Shop.) 
K. TEST HOUSE. 
L. LABORATORY. 
M. MECHANICAL ENGINEERING SHOPS. 
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